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In hand 
but out of mind 


Picture a builder, his hand on the level, 

his eye on the bubble. How rarely does he take 

an interest in the spirit level’s casing! 

How rarely does he need to when, like so many 
other familiar things around us, its stability 
depends on a Birmal casting. 

Dependable Birmal! For more than 50 years Birmal 
craftsmen have been producing castings to support, 
to enclose, to provide the very foundation 

of a host of well-known products. 

Their technical skill and great experience 

keep Birmal ahead in foundry practice... 

ensure that Birmal castings will continue 

to be relied on wherever the quality 

of castings counts. 


The Birmal foundries produce sand and gravity 
die castings in aluminium and magnesium alloys, 
and pressure die castings in aluminium, 
magnesium and zinc alloys for use 

in practically every industry. 





Pressure die cast in aluminium alloy 
for John Rabone & Sons Ltd. 


Birmingham Aluminium Casting (1903) Co. Lid Birmid Works Smethwick40 Staffs 
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Minor Cylinders—}” to 24” dia. 
Standard Cylinders—1}” to 8” dia. 
Heavy Duty Cylinders—2” to 12” dia. 
E * Control Valves and Accessories 


for all pneumatic applications 


Catalogue on application to: 


MARTONAIR LTD - PARKSHOT - RICHMOND - SURREY 


Also in Australia, Belgium, Canada, Denmark, Finland, France, Germany, Holland, Italy, 
New Zealand, Norway, South Africa, Spain, Sweden, Switzerland, U.S.A. A.D.43 
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Renowned throughout the world— 
Manufacturers of more than 
4,000 different Scientific and 


Optical Instruments 


The Involute Gear Tester 


No master discs are necessary. Any 
base circle radius up to 207 mm. 

(8.8 in.) may be set continuously on 
this instrument or the unknown 
diameter of the base circle of a gear 
determined. The measured value of 
the actual radius of the base circle 
is read off to the nearest » (0.00004 in.) 
on a built-in precision glass scale with 
the aid of a spiral microscope. 





The Gear Wheel Tester 


For testing the pitch, the 
base pitch, the tooth 
thickness, the tooth space, 
and the eccentricity of spur, 
bevel, helical, and worm 
gears, as well as the pitch 
and eccentricity of notched 
index discs. 





To obtain further particulars of our full range of precision measuring instruments write to: 


JENA | 


Cc. Z. SCIENTIFIC INSTRUMENTS LIMITED 


12a GOLDEN SQUARE, LONDON, W.1 Tel: GER 4488, 1997/8/9 


Sole agents in the United Kingdom and Northern Ireland 


LENA | 
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(@) OPTICAL 
DIVIDING 










COMBINING HIGHEST PRECISION 
WITH ROBUST CONSTRUCTION 


0.D.H. MOUNTED 
ON SINE TABLE 









MAIN DIMENSIONS 


Height of Centres __ 48” (117.5 m/m.) 
Centre Distance (on Base) 112° (280 m/m.) 
Size of Face Plates 7%” dia. (190 m/m.) 
Size of Centres No. 2 Morse Taper 


WEIGHT OF HEAD 42 Ibs. 





Combining the following features : 
Dead centre, adjustable drive for 
zero settings, large vernier screen 
reading direct to 6 secs. (estima- 
tion 3 secs.) and conforms to 
N.P.L. Specification MOY/SCMI/ 
56. Patent 599708. 


0.D.H. mounted on 

JONES & SHIPMAN 540 

Grinding Machine, 

controlling serrations 

held to a tolerance of 

0-0002* both for spacing 
and diameter 


PRECISION.GRINDING LTD 


MILL GREEN ROAD : MITCHAM - SURREY Phone: MITCHAM 3014 


NRP 1632 
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By designing for Araldite, South Wales Switchgear 
D a s 3 G N & D Ltd. have provided adequate protection for this 
3-phase voltage transformer without the use of oil. 
The coils and insulators form a single casting of 
Araldite B, simple in design and easy to manufac- 
ture. Araldite casting resins do not shrink on 
setting, and are thereafter unaffected by very wide 
changes of temperature and humidity. Their 
properties also include remarkable adhesion to 
metals, ceramics, etc., high mechanical strength, 
freedom from chemical action and excellent 
dielectric properties. 














TO USE 


ARALDITE 


Nv 
OW 


Araldite epoxy resins are used 


® : @ for casting high grade solid insulation 
Araldite POR AVMEMAYITAY, «© snzrentine. roing se seating teccin 





@ for producing glass fibre laminates 
@ for producing patterns, models, jigs and tools 
@ as fillers for sheet metal work 





Araldite is a registered trade name 
@ as protective coatings for metals, wood and 
ceramic surfaces 


014 . May we send you further details? @ for bonding metals, ceramics ete. 





CIBA (A.R.L.) LIMITED Duxford, Cambridge. Telephone: Sawston 2121 


A.P. 404 
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Continuous milling cuts floor-to-floor time 


{ 


GR, 


a 


Milling flange faces of petrol pump bodies at the Dunstable works of AC-Delco Ltd. 
Material—die-cast alloy, number on table—I2. Time allowance—3 secs. 


Production milling time on many different com- 
ponents can be cut considerably with this versatile 
Model 2VR continuous vertical miller, with first- 
class finish and without strain on the operator. 
Continuous milling cuts the unproductive waste 
out of floor-to-floor times. No time is lost in 


traversing or loading and unloading. The 2VR is 
milling all the time. 

Write for a new leaflet showing how we have 
approached many typical cases. Let us see if 
we can do any of your jobs faster and better by 
continuous milling. 


ADCOCK & SHIPLEY LTD 


P.O. Box 22, Ash Street, Leicester Telephone : 


Leicester 24154/5/6 


Telegrams & Cables : Adcock Leicester 
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HAND 
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LEACTICALLY © 







DIRECTIONAL AAAGER-TIP CONTROLS 





NU vance INCLUDES 


) 10 Horizontal, 6 Universal 
& 10 Vertical Machines — 





WERNER Standard Milling Machines 





FEATURES INCLUDE— 
® Built to tool-room limits ®@ Instant selection of feeds 
under cut 
®@ Vernier scales on all table @ Automatic spindle brake 
movements 
® Automatic hydraulic ®@ 17 Different Automatic Cycles SRN: 
clamping of slides a ee 


You can see these Advanced Machines in our London Showroom 


R 6) Cc KWE L L For further particulars write or telephone TODAY 


WELSH HARP, EDGWARE RD., LONDON, N.W.2. 
TEL: GLADSTONE 0033 


ALSO AT BIRMINGHAM—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2622 


MACHINE T6088. 60. LTD. 
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Fuel Selection for Annealing Castings 


‘replacing an existing furnace by one using town gas due to the high maintenance and 
replacement costs incurred with existing equipment” 


Langley Alloys Ltd., manufacturers 
of the well-known “Langalloy” and 
“Hidurax” alloys, face a problem 
common to most heat treatment 
process users in that they need a 
flexible plant to treat loads varying 
in size and metallic composition. 
For example, a recently installed 
furnace at Langley Alloys Ltd. is 
used primarily for the heat treatment 
of corrosion resistant castings in the 
“Langalloy” series of nickel-based 
and stainless steel alloys, yet it had 
to be satisfactory for hardening and 
tempering large forgings in alu- 
minium, bronze and other copper- 
based alloys. 

The nickel-based alloy castings 
include nickel-molybdenum-iron and 





nickel-chrome- molybdenum alloys 
which are solution heat treated by 
holding them at temperatures ranging 
from 1,150°C to 1,250°C followed by 
a water quench or air blast. This 
treatment ensures maximum cor- 
rosion resistance and eases the 
machineability. 

Stainless steel castings include chro- 
mium steels and various grades of 
chromium-nickel austenitic steels, 
and the heat treatment is carried 
out at 950°C to 1,100°C, after which 
they are water quenched. 


THE PROBLEM 


The North Thames Gas Board 
Industrial Department was asked to 
collaborate in replacing an existing 





furnace by one using town gas due 
to the high maintenance and replace- 
ment costs incurred with the existing 
equipment. It was pointed out that 
the furnace hearth was subjected to 
hard wear caused by heavy parts 
being dropped on to it during loading. 
A bogie hearth furnace was suggested 
measuring 4 ft. 0 in. long by 3 ft. 0 in. 
wide. After the bogie hearth was 
withdrawn it had to be capable of 
being tilted so that the articles could 
be tipped into a side quenching tank. 
A maximum temperature of 1,250°C 
held within +10°C was also stipu- 
lated. 

A further requirement was a steel 
table used as a loading platform at 
the same height as the bogie hearth 
with a quenching tank sunk into 
the floor. 


THE EQUIPMENT 

The North Thames Gas Board dis- 
cussed the requirement with the 
furnace manufacturers, and eventu- 
ally a furnace was supplied and fitted 
to the following specification: 


Dimensions of Furnace—Door open- 
ing 3 ft. 6in. wide and 1 ft. 11 in. high 
from the top of the bogie to the 
spring of the door arch. Length from 
door face to back wall of 4 ft. 103 in. 


Wall and Arch Construction—Light- 
weight insulating refractory backed 
with diatomaceous insulation. 


Casing—Totally enclosing the brick- 
work except the roof. Adequate in 
strength to prevent any distortion. 
Finished in heat resisting aluminium 
paint. 


Bogie Construction—High quality 
firebrick top backed with insulating 
refractory. Door forming back of the 
bogie lined with lightweight insu- 
lating refractory and diatomaceous 
material. Sandseals on the sides and 
end of the car to prevent hot gases 


Fig. 1 
A front view of the gas-heated annealing 


furnace at Langley Alloys Ltd. showing the 
furnace construction and the hearth part 


withdrawn towards a sunken quench tank. 
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escaping from the furnace chamber. 
Wheel axles in roller bearings for 
easy bogie movement. Hand wheel 
operated clamping screws on door to 
lock the bogie in position—the door 
protecting the operator against radia- 
tion as the bogie is withdrawn. 
Manual withdrawal by a chain and 
bevel gear drive to the wheels with 
operating handle at a convenient 
height on the back of the door. 
Sufficient rail length for withdrawal 
of the bogie clear of the mouth of the 
furnace for loading and unloading. 


Gas Burner Equipment—Two air blast 
burner blocks firing from the rear 
wall on each side of the furnace. No 
flame impingement on the charge— 
the hot gases, after passing to the 
door, are drawn back through flues 
in the rear wall arranged at bogie 
hearth level. Flues connected to a 
common outlet with damper control. 
Each burner set provided with 
graduated air and gas control cocks. 
A motorized valve, wired through a 
temperature control panel, simul- 
taneously operates valves in the main 
air and gas supplies according to the 
heat input requirements. 

Other controls on the main gas 
supply include a constant pressure 
governor, non-return valve and a 
solenoid operated main shut-off 
valve. 


Air Supply—Fan blower at 22 in. w.g. 


Loading Equipment—Mild steel load- 
ing table is provided with a top for 
easy loading of the work on to the 
bogie. As the hearth is at tempera- 
ture all loading is carried out 
with tongs. 


Unloading—A hand operated tilting 
device, the door again shielding the 


operator from the high temperature 
during bogie tilting. Locking device 
provided holding the bogie to the 
rails during this operation. 


Quench Tank—Mild steel plates, suit- 
ably braced. 3 ft. Oin. wide by 
4 ft. 6in. deep by 5 ft. Oin. long to 
quench 500 Ib of castings with a 
water temperature rise to 140°F. 


Safety Control—Diaphragm switches 
in both air and gas lines connected 
to solenoid valve in the main gas line. 
The solenoid valve closes with failure 
of gas or air supply and cannot be 
opened until it has been manually 
reset. 


Test Results—Tests were made during 
a day’s operation to determine the 
performance of the furnace under 
normal operating conditions. The 
working temperature of 1,050°C was 
obtained in 1? hours after lighting 
from cold for a gas consumption of 
approximately 12} therms. The time 
to recover working temperature fol- 
lowing loading was between a quarter 
and half an hour, depending upon 
the size of the charge. 

One charge consisted of 291 lb of 
small castings of nickel based stain- 
less steel, and the working tempera- 
ture was recovered in 20 minutes for 
a consumption of 2} therms of gas. 
A further 4 therms were consumed 
whilst one hour’s soaking was taking 
place, giving a total of 64 therms for 
the treatment of the charge. 

It is estimated that to heat the 
furnace and a 500 lb. charge to 
1,250°C would take 3 hours and 
require approximately 25} therms of 
gas. For a follow-on charge of 
500 Ib, assuming the furnace to be 
at 1,350°C and the bogie at 1,000°C, 
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Fig. 2 
A rear view of the annealing furnace showing 
the gas/air controls and safety devices. 


would take | hour with a gas con- 
sumption of 114 therms. 


Langley Alloys Limited also use 
town gas in their foundry for shell 
moulding, core drying, ladle drying 
and other specialised foundry require- 
ments as well as for canteen and 
welfare purposes. 

This is one example of collaboration 
between the user and plant supplier 
where the North Thames Gas Board 
offered a free consulting service. 
An Industrial Gas Officer at any 
Area Gas Board can avail himself of 
the experience of his colleagues in 
other Gas Boards through the 
medium of the Gas Council’s Indus- 
trial Gas Development Committee. 
And, of course, heat treatment is but 
one of the many trades, professions 
and occupations using the facilities 
and research of the British Gas 
Industry. 


Scottish Gas Board, Edinburgh 
Northern Gas Board, Newcastle-upon-Tyne 
North Western Gas Board, Manchester 
North Eastern Gas Board, Leeds 

East Midlands Gas Board, Leicester 
West Midlands Gas Board, Birmingham 
Wales Gas Board, Cardiff 

Eastern Gas Board, Watford 

North Thames Gas Board, London, W.8 
South Eastern Gas Board, Croydon 
Southern Gas Board, Southampton 
South Western Gas Board, Bath 


The Gas Council, 1 Grosvenor Place, 
London, S.W.1 


Fig. 3 
A view showing the hearth completely with- 
drawn—the door protecting the operator 


from radiation from the charge—and being 


tilted towards the quenching tank. 
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Tapping 


Rod Ends 
at Lockheed 







GROUND THREAD TAPS 


GALTONA general thread taps are widely used at Lockheed Hydraulic 
Brake Co. Ltd., because of their ability to maintain high precision and 
long life under all conditions of service. 

On a five-spindle automatic for instance track rod ends are blind tapped 
[in. U.N. 16 t.p.i. using a special GALTONA ground thread five-flute 


tap. 
GALTONA ground thread taps, standard or special, can be supplied to 
give improved accuracy and finish on all materials. Illustrated catalogue 
available on request. 





GALTON HOUSE, ELMFIELD AVENUE, TYBURN, BIRMINGHAM, 24 
Telephone: Ashfield 1801, Telegrams “Cogs, Birmingham” 








Northern Area Office : Britannia House, Wellington Street, Leeds, 1. Telephone : Leeds 21212 
London Area Office : 240 Romford Road, Forest Gate, London, E.7. Telephone : Maryland 7304-5 
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New Black & Decker Heavy Duty Angle Grinder 
works 540 hours under heavy loads 
—and still no servicing needed! 





After 540 hours of continuous heavy-duty work, Superwelds 
(Lewisham) Ltd. examined the new 6,000 r.p.m. Black & 
Decker Heavy Duty Angle Grinder and found it in perfect 
condition. No replacements or maintenance were needed— 
they put the machine straight back on the job! 

Only an Angle Grinder with GUTS could give that kind of 
performance — the kind of performance that cuts maintenance 


The only Angle 
Grinder with the 
GUTS to give 
you 12 months 
free servicing 


costs. That’s why, as a demonstration of our confidence, we 
offer 12 months free servicing* on every machine bought 
between now and December 31st. 


This is the first time any manufacturer has been able to give 
such a positive guarantee of performance. Post coupon now 
for a demonstration in your own works. 


* Black & Decker operate the largest electric tool service organisa- 
tion in the country, with nine branches alerted for 24-hour service ! 


Yack & Decker 














PBT TODAY FOR DEMONSTRATION e———————<- = — ~ 
BLACK & DECKER LTD., HARMONDSWORTH, MIDDLESEX 

| Please arrange a demonstration of your new Heavy Duty Angle Grinder. oo 

| 

NAME 

l 

| COMPANY 

ADDRESS... 

a 
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Wherever power is used 
Crofts Couplings play 
a vital role... 


THE NEW “CROFT-RING” FLEXIBLE 
AND RESILIENT COUPLING 


Brings you these advantages: 


Flexible—allows parallel and angular misalign- 





ment up to half a degree, absorbs end-float. 
Resilient—absorbs vibration and smooths out 
transmission shocks, safeguarding machinery from 


damage and excessive wear. 


@ Compact and space-saving in relation @ Quiet in operation. 


to power transmitted. ae ene Sa 
@ Runs in either direction of rotation. 


@ Totally-enclosed all-steel construction ; 
oil-tight and dust-proof. @ Requires little maintenance. 


AVAILABLE IN 25 SIZES UP TO 80,000 H.P. 
SEND FOR PUBLICATION 5916/S 


OTHER CROFTS COUPLINGS : ALSO : 


NTS Internal Gear Couplings 


- Y» up to 800h.p. Publication 
PERFECT 5736/S. 


Fractional to IS h.p. MB Internal Gear Couplings 
ep 2t 1.440 rp.m. up to 30,000 h.p. Publication 
5732/S. 

Hydraulic Couplings, frac- 


tional to 290 h.p. Publication 
5814/A/S. 


MULTIFLEX 
Up to 5,000 h.p. at 
100 r.p.m., for shafts 
up to 21” bore. 


Publication 5747/S 
Publication 5732/S 

















Branches at: 


Belfast, Birmingham, Bristol, 
Cardiff, Dublin, Glasgow, 
Ipswich, Leeds, 


Liverpool, 


POWER TRANSMISSION ENGINEERS | (London, Manchester, Newcastle, 


Northhampton, Nottingham, 


Head Office coe Thornbury, Bradford 3, Yorkshire | Sheftield, Stoke-on-Trent. 
Subsidiary | Companies in 
Phone: 65251 (20 lines) Grams: “Crofters Bradford Telex” Telex 51186 Canada, South Africa, U.S.A. 





World-wide Representation, 
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Photograpu vy permission of Ford Motor Co. Ltd. 


Machining of Ford rear axle carriers 


This six-spindle No. 10 Verticalauto multi-drills fourteen holes 

in the component as well as turning and facing. 

Hydraulic chucks exert a controlled pressure grip 

ensuring that there is no distortion. 

A 60 h.p. main motor provides ample power for continuous high production. 


3 and 12 spindle models are also available. 





iiita VERTICALAUTO 


Thos. Ryder & Son Limited, Turner Bridge Works, Bolton, England 


Makers also of single-spindle Rydermatics and Piston Ring Lathes. 
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Down comes the checkered flag for a winner. 
Edgar Allen & Co. Ltd’s Superweld tools are 
winners every time. A substantial cutting end of 
Stag Major super high speed steel, electrically 
fuse-butt welded to a high grade steel shank; 
plenty of usable cutting metal at a fraction of the 
cost of a solid tool. 

You can expect a really long life from Superweld 
Tools, which are supplied ready hardened to give 
maximum cutting efficiency. Little regrinding to 
shape is required and these tools are especially 
advantageous as precision form tools, the economy 
over a solid high speed steel tool being obvious. 
In stock we have 50,000 Stag Major Superweld 
Tool in a great variety of standard shapes and 
sizes or we can supply tools to your own 


specification. 


eo 
STAG MAJOR 
SUPERWELD TOOLS 








hs 
! To EDGAR ALLEN & CO. LID. pasa + w 

, Please Dg Major hs Edgar Allen & Co. Limited 
oe eee IMPERIAL STEEL WORKS - SHEFFIELD - 9 
| Position 

) soi ' Post the coupon to-day for this Booklet 
Soe en ae a ee = 








™ 
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Need a new broom? 
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After a while, even the finest equipment begins to show its age. United KY 
When orders are coming in fast, and peak efficiency is vital—are i 4 
' aces Dominions Trust 4 
you sure you’re equipped to keep up with your competitors? 4 
Perhaps UDT can help. (Commercial) ; 
UDT helps you replace old equipment, add new, out of income. Limited .\ 
Which often means it pays for itself out of increased profits. 
A nice business-like way to do business. 
If you think UDT could help you, get in touch with the Manager United Dominions House 
of your nearest UDT office—the address is in your local directory. Eastcheap . London . EC3 
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CUSTOMERS OF CARBORUNDUM 


Bert Kilgour has worked at the main 
factory of A.V. Roe & Co. Ltd, at 
Chadderton, for 40 years, and is now 
the senior foreman of the toolroom, 
in which 300 men are employed: 
“Must be one of the biggest tool- 
rooms in the country,’ Bert says. 
“We started getting grinding wheels 
from CARBORUNDUM in 1936, and 
they’ve supplied most of our wheels 
ever since then. That’s forthe whole 
factory — not just the toolroom. 
Why? Well, because their wheels do 
a good job, and give us good service. 
They’ve always been ready to help 
us when we’ve asked them to.”’ 













“The tools for machining 


jobs on the Avro Vulcan 
are mostly ground 
on wheels from 


CARBORUNDUM” 


says Bert Kilgour 





oe S SEE allt Paener eT omer rae si 


CARBORUNDUM can help YOU Products by 
In mostofthe majorindustries, of the world, cCARBORUNDUM 


is helping top firms to make better products, to cut costs, 
and to speed production. In the sharply competitive Cc A R e re) R U my D U fo 
industrial climate of today there are three main conditions ai 


for success: high quality, low prices, and early deliveries. 


CARBORUNDUM can help you to meet them all. can cut your costs 


THE CARBORUNDUM COMPANY LIMITED: TRAFFORD PARK: MANCHESTER 17 - Phone: TRAfford Park 2381 





~ 
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of high- production 
machine tools 








B.S.A. TOOLS LTD * BIRMINGHAM 33 + ENGLAND 


1. SINGLE - SPINDLE AUTOMATIC SCREW 4. gg var eae eae Ge teva 
; i ; : in. X 20in. an in., and 6in. L 
MACHINES in a range of sizes to 2in. diameter COPY TURNING LATHE. 
capacity, including SIMPLIFIED machines. 
5. CENTRELESS GRINDING MACHINES, No. 4. 
2 B.S.A. ACME - GRIDLEY BAR AUTOMATICS, up to 3in. diameter, and No. 8, up to 6}in. diameter 
4, 6 and 8 spindle machines in various sizes up to 3tin. bears ts : 5 
diameter capacity, and CH UCKING Six -spindle 6. FORM GENERATOR, fein. to 3in. diameter Capa- 


; oe : city and THREAD GENERATING MACHINE, 
6in. and 7tin. diameter capacity. 2 B.A. to fin. BS.F. 


3. SINGLE - SPINDLE CHUCKING AUTO- 7. AUTOMATIC TAPPING MACHINES, in. to 


. : é Igin. diameter capacity (in steel ). | 
MATICS, 7jin. and 12$in. swing. Also B.S.A. P & J Also Broaching Machines, Tool, Holders, Tools, Attach- | 


Turret Lathe 30in. swing. ment and Special Equipment. That Wana 








& B.S.A. HULLER SPECIAL PURPOSE 8.5: 
TQaOns 


AD. Ne. 433 











SOLE AGENTS U.K. BURTON GRIFFITHS & CO LTD * MACKADOWN LANE * BIRMINGHAM 33 * STEchford 3071 
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THREE-POSITION AUTOMATIC HYDRAULIC 
CROSS SLIDE SOLVES PROBLEM OF BORING 
CLOSELY SPACED HOLES AT ROVER CO. LTD. 


The problem of fine boring close centre holes in this 
Rover gearbox is ingeniously overcome by use of the 
PRECIMAX three position hydraulically operated 
cross slide. The necessary transverse movements are 
preselected and linked with the longitudinal feed 
motions in a fully automatic cycle. 

The three bores (two at 0.625 in. dia. and one at 
0.6875 in. dia.) are repeated by two spindles at the 
opposite end and in addition to close limits on 
diameter and relative position, this multiple 
operation fulfils exacting demands in the accurate 
alignment of the opposing bores. The six holes are 
bored using solid tungsten carbide shank boring bars 
in a floor-to-floor time of 2.85 minutes. 


Send for full details of PRECIMAX Fine Boring Machines 
to... 


LA N D | S L U N D Li M IT E D, CROSS HILLS, KEIGHLEY, YORKS. ’Phone: Cross Hills 3211 
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% THROUGHOUT 
There’s a INDUSTRY 


RENOLD 


chain to 


meet all 
your 


conveying 
requirements 


Aluminium 
Bread 
Clocks 
Dredgers 
Envelopes 
Fish 
Grain 
Hosiery 
Ice Cream 
Jute 
Kitchenware 
Lubricants 
Machine Tools 
Newspaper 
Ovens 
Pistons 
Quartz 
Roads 
Sinks 
Toffees 
Unloading Equipment 
Vegetables 
Whisky 
Xylonite and other Plastics 
Yeast 
Zinc 


Whatever the product — if it has 
to be pushed, lifted, carried, 
lowered, turned, rolled, fed, 
positioned, stored, delivered or 
moved in any way whatsoever 
RENOLD CHAINS provide the 
answer. Write for Catalogue Ref. 
120/17 giving details of our range 
of stock and specialised chains 


lor mechanical handling. 


From 3.000 /b. to 300.000 /b. 
hreaking load 


RENOLD CHAINS LIMITED «© MANCHESTER 
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here 45 yout answer td.... 


SMALL BATCH PRODUCTION 











a EXAMPLE SHOWN WAS 
I ee BEING PRODUCED IN 
BATCHES OF FIVE FROM 12” 


3-687" 

3-682" 
1-437" 1-751" 
Z ra37" 1748" : DIA, 65 TONS PER SQ. INS. HEAT 
i” RAD T TREATED NICKEL CHROME 
MOLYBDENUM STEEL, ON A 
STANDARD CENTRE LATHE 
IN A FLOOR TO FLOOR 


TIME OF 30 MINS. EACH 
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1010" DIA 

















, THE | 3-1 CENTRE LATHE q 
HYDRAULIC COPYING AT- WITH HYDRAULIC COPYING ATTACHMENT 


TACHMENTS ARE AVAILABLE 
rneienemermeess COMPLETED THE SAME OPERATION IN A FLOOR TO 


Tee ek aeiiism FLOOR TIME OF 6 MINUTES EACH, WITH A SET-UP 


GIVING MAXIMUM FLEXIBIL- TIME OF 35 MINUTES 
ITY FOR FACE AND LONGITU- 
DINAL COPYING A SAVING OF 85 MINUTES PER BATCH : 


H . 
Dean mith Grace TELEX No. 51-123 - TELEGRAMS: LATHES KEIGHLEY TELEX | 


TEL. No. 5261 (7 lines) 





is ek ea 
KEIGHLEY 
LIMITED 


) 
We manufacture * 43-30" SWING ENGINE LATHES - SURFACING AND BORING LATHES - TOOLROOM LATHES 

















BUSINESS 
D LOOKING 
UP 
Wi 
REEL 
WVERHEAD 























Manufactured under licence from Ferrand & Frantz Ing. Villeurbanne. 
British Patent No. 705,148. 


The remarkable performance of REEL overhead 
cranes has been proved conclusively on hundreds of 
installations. The new approach to overhead crane 
design has put REEL well ahead. Conventional 
boxed lattice frames have been replaced by clean-lined 
girders providing greater strength and lightness, 
with a consequent saving in power consumption. 
REEL Cranes can be carried to within two or 

three inches of the roofwork and in capacities 

to suit your individual requirements. 

Full information on request. 


THE BRITISH 


‘REEL’ 


OVERHEAD CRANE 







BRITISH INDUSTRIAL 


ENGINEERING COMPANY (STAFFS) LIMITED 
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CLEAR-CUT 


AIDS 


TO INCREASE 
PRODUCTION 


Every Clarkson cutter has 
three clear-cut advantages. 
A clear-cut saving in 
initial cost — that’s what 
buying at maker’s prices 
does for you. A clear-cut 
saving in production time 
— because the advanced 
design gives greater out- 
put. A clear-cut finish on 
the work itself. A finish 
that sets a new, high 
standard in milling. The 
Clarkson man would like 
to call and tell you more. 


May he ? 


CUTTERS 


ALL CLARKSON 
PRODUCTS 
~— 


DELIVERY 
PER RETURN 


=m 


CLARKSON (ENGINEERS) LTD. 
SU AL TLE LIE LE LE NET TIT 





NUNEATON Telephone : 2261 BELFAST Telephone: 20025 LEEDS Telephone: 26369 
NEWCASTLE Telephone: 2-5248 LONDON RiVerside 8241 BIRMINGHAM VICtoria 3994 
BRISTOL Telephone: 2-8464 GLASGOW SOUth 1942 MANCHESTER ARDwick 4804 








~—— 
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Photograph by courtesy of Messrs. J. Chesterman & Co. Ltd., Sheffield. 


SNOW & CO. LTD Machine Tool Makers 


STANLEY STREET, SHEFFIELD, 3. Telephone: 22272 
also at LONDON: 58 Victoria Street, S.W.1. Telephone: Victoria 2106 


BIRMINGHAM: Daimler House, Paradise Street, Telephone: Midland 4920. 
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The World’s Most 
Advanced Automatics 


incorporating 


the New 4 





CONSTANT THROW TURRET =- 


CONSTANT CRANK THROW AT ALL TURRET POSITIONS 


INCREASED FEED TRAVEL OF TURRET SLIDE 
INCREASED OVERALL LENGTH CAPACITY 
GREATER WORK CLEARANCE ON INDEXING 
HARMONIC, SHOCK-FREE INDEXING 


ABSENCE OF TURRET DRAG AND BOUNCE 


DEEP DRILLING WITH THE WE K%.. 


SKIF INDEXIN ATTACHMENT 
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Automatic 





Screw Machine 


% CAPACITY 19mm 





RP 24s? 


(MACHINE TOOLS) LIMITED 


GARANTOOLS HOUSE - PORTLAND ROAD - HOVE - SUSSEX 
Telephone: HOVE 47253 Tefegrams: Garantools, Portelade 





LONDON - BIRMINGHAM - GLASGOW : MANCHESTER -: BRISTOL 
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ACOMPAWY 1S 
KNOWN BY THE 


CUSTOMERS € 
PROMISES 17 KEEPS 


Although the world-wide reputation 
enjoyed by the Webster and Bennett 
Boring Mill is based on inherent quality 
and fitness for purpose there are other 
aspects of service of equal importance. 

One of those which is of particular 
pleasure and satisfaction to our cus- 
tomers, and a source of pride to our- 
selves, is a punctilious observance of 
delivery dates. No effort is spared to 
meet a promised delivery and although 
unforeseen circumstances have frequently 
arisen, sufficient in themselves to justify 
a delivery extension, deliveries quoted for 
machines have never been broken. 


The illustration shows a Webster and 
Bennett 60” Boring and Turning Mill 
at the Bradford Works of Crofts 
(Engineers) Ltd., machining a 60” dia- 
meter vee groove pulley with a face 
width of 26” having 18 grooves 1}” wide 
by 1}” deep. 


WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 





FROM STOCK 

















TAPS DIES AND GAUGES 
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HYDRAULIC MULTIPLE 


cuts costs on ‘JAGUAR’ connecting rods 


At Jaguar Cars Ltd., Coventry, this Size 2 
ARCHDALE hydraulic feed multi-drill is fully meeting 
the demands of expanding production schedules. 
Using a four-station indexing table, with one loading 
and three working positions, connecting rods are 
produced at fast rates. Small ends are drilled and 
reamed, and the large ends are core drilled and bored. 
Small end bore is ¢% in. dia., and large end 2.200 in. 


If your problem calls for standard or special 
multi-drilling ARCHDALE have the answer. 
Ask for production estimates. 


JAMES ARCHDALE & CO. LTD. 


Regd. Office: Ledsam St., Birmingham 16 Works: Blackpole Works, Worcester 
Telephone: EDGbaston 2276 Telephone: Worcester 4355 
A member of the Staveley Coal & Iron Co. Ltd., Group 


Sole Selling Agents: 
ALFRED HERBERT LTD., COVENTRY. Telephone: Coventry 8922/ 
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It may nave 


earned medals 





in its time— 





but for 
consistent 
performance 
today 





No.2 CUTTER AND 
TOOL GRINDER 


Efficiency of most metal-working 

plants is often largely determined by 
proficiency in servicing cutting tools. 
World-renowned for it’s design features 
of robust construction, ease and convenience 
of operation, the ‘CINCINNATI’ No. 2 
Cutter and Tool Grinder can—with it’s 
wide range of attachments—grind the 
majority of cutters in any workshop. 

In addition, new machines are now 
arranged with easily replaceable table 
ways. These, plus replaceable cartridge 
spindles, ensure wearable parts being 
brought to ‘‘as-new”’ condition quickly. 


Write for Catalogue No. M-1618 E to: 
Chas. Churchill & Co. Led., London, Birmingham, 
Manchester, Gateshead, Glasgow. 


CINCINNATI MILLING MACHINES LIMITED, BIRMINGHAM, 24 
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SPEEDICUT 


HIGH : SPEED STEELS... 









... for all cutting tools 


The high production rates achieved in cutting both soft and 
hard materials in the modern machine shop are ina large measure 
attributable to the efficient use of high speed steel tools. 

Firth Brown high speed steels are distinguished among tool 
materials by their ability to develop by appropriate heat treatment 
an outstanding combination of the principal characteristics required 
in cutting tools, namely: hot hardness, wear resistance and 
toughness, enabling them to retain their cutting ability at speeds, 
feeds and depths of cut. 

There is a Firth Brown high speed steel for your every need 
— write for Publication No. 224 (Section 7) for further details. 


eee 





by saiehececseeeeieaeinetiens 
FIRTH | BROWN 


ALLOY STEELMAKERS + FORGEMASTERS «+ STEEL FOUNDERS +« HEAVY ENGINEERS 


THOS. FIRTH & JOHN BROWN LIMITED ° SHEFFIELD ° ENGLAND 
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bush costs less to use! 


IA soe. a “ 


woe é 





WORLD’S BEST DRILL BUSH 





COMES QUICKEST... LASTS LONGEST... 





591 Cogent —_ BRITISH AERO COMPONENTS LTD. WARWICK. TEL 320 
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Bvevrenrey 


These photographs show a Butterley steelworks crane 
installed at the works Of Applel y-Frodingham Steel 
Company fo: handling plates with a magnet beam. 
All gearboxes are of welded construction and the 
gearing and bezrings are cesigned for long and 
arduous duty. 

Quietness in operation is a feature of Butterley cranes, 
and limited swing enables the driver to carry out his 
duties with safety, speed and precision. 














THE BUTTERLEY COMPANY LIMITED - RIPLEY - DERBY - 
Lenden Office: 9 UPPER BELGRAVE STREET, S.W.I. Tel: SLOane 8172/3 
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ENGLAND : Tel. RIPLEY 41! (9 lines) 
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* Comprehensive 
stocks 
constantly 
maintained 
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The superior design of these products is 
the result of prolonged research and 
development. They are far in advance of 
similar tools of comparable price and 
much faster speeds and feeds are achieved 
with the cutters. 


Please write for leaflet No. I1 ‘‘ An Advance 
in Milling’”’. 


SAMUEL OSBORN & CO., LIMITED 
CLYDE STEEL WORKS - SHEFFIELD 


Fine Steelmakers Steelfounders Engineers’ Toolmakers 
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a DEMONSTRATION? 


IF YOU CUT, drill or grind glass, ceramics, 
carbide or any known hard material 

the Neven Mobile Unit will demonstrate 
most efficient production methods 

with diamond tools. May we send this 


Demonstration Unit to your works? 


The Sales Manager would be pleased to 


advise you when the Unit will 


be in your area. 


IMPREGNATED DIAMOND PRODUCTS LTD 


OF GLOUCESTER : ENGLAND 
TELEPHONE 21164 (3 LINES) - TELEGRAMS IMPREG GLOUCESTER 









A COMPACT 


AIR HYDRAULIC FEED 
AUTOMATIC OR 
SEMI-AUTOMATIC 


OPERATION 








STUART DAVIS LTD. MUCH PARK STREET: COVENTRY : ENGLAND 
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GO TO 























MODEL C.E.2. RADIAL DRILL- 
ING, BORING, TAPPING and 
STUDDING MACHINE. 

Four sizes 5ft. to 8ft, 18 
speeds: 15-850 r.p.m., drills 
3} in. from solid in mild steel. 





MODEL A.E.4. RADIAL DRILLING, 
BORING, TAPPING and STUDDING 
MACHINE. 

Seven sizes 3 ft. 6in. to 8 ft., 12 speeds: 
(standard range) 34- 1,000 r.p.m. alter- 
native ranges available, drills 3 in. from 
solid in mild steel. 


ESTABLISHED - 





FRED" TOWN & SONS LID 











~~ 


For drilling machines “go to Frederick 


Town” and ensure lasting satisfaction. 


<a 


Write for full list or for details of 


individual machines. 


Ae sk 


MODEL A.E.2. VERTICAL DRILL- 
ING MACHINE (Heavy duty 
model). 

Two sizes 36in. and 42in., 18 


speeds: 8-420r.p.m., or 15- 
790 r.p.m., drills 34 in. from solid 
in mild steel. 
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(above) MODEL A.E.6. RADIAL 
DRILLING, TAPPING and 
STUDDING MACHINE. 

Three sizes 36in., 42in., 48 in., 
9 speeds: 88-1,450r.p.m., or 
60-1,000r.p.m., drills 14 in. 
from solid in mild steel. 







(above) MODELS E.G.4. and 
E.G.8. GIRDER RADIAL 
DRILLING MACHINES. 

Each model in five sizes 4 ft. 
to 8ft., four speeds: 160- 
600 r.p.m., (E.G.4.), 8 speeds: 
20-500 r.p.m., (E.G.8.), drills 
2in. from solid in mild steel, 
also made with single speed. 


(left) MODEL A.E.5. RADIAL 
DRILLING, TAPPING and 
STUDDING MACHINE. 
42in., 9 speeds: 88- 1,450 r.p.m. 
or 60-1,000r.p.m., drills 14 in. 
from solid in mild steel. 





DUPLEX BOGIE TYPE GIRDER RADIAL DRILLING 
MACHINE. 

Made to customers’ specifications, 6 ft. lin. radius, 13 ft. 
rail centres, 7 ft. machine centres. Also made with single 
machine mounted on bogie. 


HALIFAX - YORKS . puone: watirax 60373/4 
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DO YOU NEED BARS? 


We hope you need bars, but not the 
sort our artist has drawn. Macready’s 
can help if you need Bright Steel, 
Carbon and Alloy Steel Bars. 


3, MACREADY’S 
yi <« BRIGHT STEEL BARS 


sree 
wr. 





we 


(PAE, SAS.Ve 
SEAS 
OAL OIES 


CA rae 


AS 


if 





sw dined AY S 


—— 






are stocked at our London ware- 
house where over 5000 tons are held 


ae SS for immediate despatch. 


Orders can be placed by telephone, 
telegram or telex, and our technical 
staff is available for advice on your 
steel problems. 


“ EY 
a 


ASK ‘*MR. MAC” ABOUT BRIGHT & ALLOY STEEL 


MACREADY’S METAL CO. LTD. 


Usaspead Corner, Pentonville Road, London, N.| 
Telephone: TERminus 7060 (20 lines) « Telegrams: Usaspead, London, Telex * Telex No. 22788 








This is an example of All-Welded Machine 

Bed Plates manufactured by this Company. 
The photographs show how well the 
complications of modern machine practice can 


be overcome by this modern method, 






resulting in great economies. 





ALL WELDED MACHINE BED PLATE 





We can profile cut any 
shape in mild steel from 
4” to 6” in thickness. 
Our products are clean 
cut and necessitate the 
minimum of machining 
and finishing. They make 
for large economies in 
reducing the number of 
operations. Send your 
enquiries to :- 
FABRICATED BED PLATE 





460 MANCHESTER RD. BOLTON Phone BOLTON 4020 (3 LINES) TELEGRAMS ‘WAGON’ BOLTON 





‘ 
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ECLIPSE 


USE AN ECLIPSE FRAME 





‘Eclipse’ hacksaw blades and other tools are made by James Neill & Co. (Sheffield) Ltd. and are obtainable from all tool distributors. 
UH 34 
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TRANSFER PRESSING 


by LOUIS SCHULER 


Managing Director, 


L. Schuler A.G., Goeppingen 


HE manufacture of sheet metal components by 

chipless forming is normally carried out by means 
of a series of successive operations, which generally 
include blanking, drawing, bending, embossing, and 
so forth. The number of operations used for the 
manufacture of a given component basically depends 
upon the raw material employed and the shape of 
the component itself. In many cases, normalising has 
to be employed between operations so that work 
hardening and brittleness of the material is 
neutralised. 

Production of a component on individual machines 
means that this component has to be fed by hand 
to each machine. In order to avoid this manual 
feeding, machines which execute a series of opera- 
tions (the component being automatically conveyed 
from one tool to the next) were developed many 
years ago. 

Fig. 1 shows the evolution of transfer presses from 
earliest days to the latest fully-automatic press with 
very high production capabilities. Even today, there 
are many varying opinions concerning the efficiency 
of transfer presses. Whilst the transfer press was 
previously considered as a machine suitable only for 
mass production, this conception has now been 
modified considerably. Transfer presses can today, 
in many cases, be efficiently employed for the pro- 
duction of medium-sized batches. This is the result 
of purposeful development toward high output, rapid 
tool changing and safety in operation. 


535 

















Fig. 1. The evolution of the transfer press. 


(Left) 1907. 





(Right) 1920. 
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(Left) 1957. 
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Particularly from the point of view of production, 
other factors play an important role. The major 
considerations here are saving of floor space as com- 
pared with single press lines, and the elimination 
of operations such as inter-stage normalising, pickling 
and spinning, etc. The rapid and efficient material 
throughput in a given production cycle, raw material 
to the finished product, and the complete avoidance 
of damage to components during production, are 
also points well worth bearing in mind. 

In order to assess whether a component can be 
more efficiently manufactured in a transfer press as 
compared with single presses, many basic considera- 
tions have to be taken into account; the number of 
operations, total number of components required, 
and rate of production, are obviously of major 
importance. The number of operations depends on 
the particular form of a component, the material of 
which the component is to be made, and the dimen- 
sional limits and required surface finish. When a 
component is of complex design, and the raw 
material of which it is to be made is difficult to 
press-work, then the number of operations necessary 
for the production of this component obviously 
increases. In addition, factors such as small dimen- 
sional limits or the requirement of high surface finish 
can also necessitate an increase in the number of 
operations. 

For instance, because of the narrow dimensional 
limits and the required high quality of surface finish 





on a relatively simple component, two external as 
well as two internal shaving operations had to be 
incorporated, in addition to the more normal opera- 
tions. This resulted in more economical production 
of this component on a transfer press, as compared 
with individual presses. The upper component shown 
in Fig. 2 was difficult to manufacture because of the 
required close tolerances, whilst the lower portion 
of the same illustration shows the stages of a com- 
ponent in which both form and the tolerances 
required presented special difficulties. The component 
possessed tolerances of the order of .001 in. Blanks 
were cut by twin-row stagger stamping, and the 
material saving thereby was approximately 7°. 

With drawn components, the wall thickness reduc- 
tion at the punch draw radius often necessitates 
considerable extra working; particularly so when a 
certain standard of surface finish is to be reached. 
Sometimes grinding, polishing or other non-press 
operations cannot be avoided, but much more 
favourable conditions can be achieved when the 
individual operations can be carried out without 
severe changes of form from operation to operation. 
The necessity for additional work in connection 
with surface finishing can often be obviated by 
carrying out the production of a component in more 
stages than those which would usually be accepted 
as conventional deep drawing practice. The produc- 
tion engineer would be more ready to accept more 
operations when use could be made of a transfer 





Fig. 2. Operation sequence. 
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F.g. 3. Output on transfer press compared with single presses. 
press which offers the facilities of one or more thus further handicapped as compared with single- 


additional operations without the penalty of lower 
production or more individual presses, and these 
additional operations will be particularly welcome to 
avoid annealing and bonderising operations. In this 
connection, it may be useful to mention that by the 
use of additional operations it is sometimes possible 
to employ a material with inferior drawing quality. 

I would now like to consider in some detail the 
calculation of the efficiency of producing a housing 
on a transfer press. These calculations, for the sake 
of clarity, have been considerably simplified. Account 
has been taken of tool costs and operating costs only, 
without insisting on the vital basic assumption of 
equal output. As Fig. 3 shows, the production of 
this component on single presses is about half the 
output of a transfer press, and it must therefore be 
emphasised that the transfer press is only partially 
loaded. This, of course, tends to show the transfer 
press to be less efficient than is actually the case under 
practical conditions. In addition to this, other 
advantages in favour of the transfer press, such as 
space saving, reduction of normalising operations or 
surface finishing operations, as well as the rapid 
material flow and considerably lower scrap percentage, 
and elimination of intermediate storage, are not 
shown in this consideration, and the transfer press is 
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operation presses. 

The manufacture of the housing shown is carried 
out on single presses as well as on transfer presses 
with 11 stations. 

The costs of the calculation of efficiency in Fig. 4 
are taken as the hourly rate of pay of a skilled metal 
worker. By adopting this standard for unit cost, the 
resultant figures are independent of the currencies 
used in various countries. Apart from the small 
relative differences from country to country in rela- 
tion to standards of living, the ratio between various 
costs can therefore be established. 

If a batch size of 10,000 components is taken, that 
is, if tool changes are executed after each run of 
10,000 components, then the operating costs, per 
hatch, are 719 units in the case of single operation 
presses. These operating costs are built up from the 
cost of actual forming or shaping the component in 
11 presses, the cost of setting time for the tools, and 
the cost of transport between successive machines. 

In the case of a transfer press, however, the 
operating costs are merely made up of the cost of 
forming or shaping the component, and the cost of 
actually setting the tools in the press; the comparative 
figure is only 253 units. Thus in spite of this 
relatively adverse comparison, reasons for which have 





been outlined earlier, operating costs of the transten 
press lie considerably below the cost of using single 
presses. On the other hand, tool costs themselves in 
the case of this set of tools for transfer presses are 
7,300 units, as compared with 5,700 units for tool 
costs if a similar set of tools is to be used in single 
presses. Generally speaking, the tool costs for transfer 
press tools are approximately one-quarter higher than 
the cost of a comparable set of tools for single 
operation presses. 

Fig. 4 shows the increase of manufacturing costs, 
made up of tool costs and operating costs, on in- 
creasing the number of components required. The full 
lines are for batch sizes of 10,000 components. From 
the diagram it is seen that manufacturing costs on 
the transfer press, upwards of a quantity of 34,000 
components, are less than the costs of manufacturing 
components on single presses. If a batch of 10,000 
is therefore set up more than three times, the transfer 
press manufactures these components at a lower cost. 

The actual quantity of components, above which 
the transfer press becomes more efficient than single 
presses, can therefore be evaluated from the equation 
given in the lower right-hand corner of Fig. 4. To 
obtain this number of components, multiply the 
batch size by a factor which is obtained from the 
difference between tool costs and the difference of 
increase in operating costs. 

In actual practice, the transfer press becomes 
efficient at a considerably lower total number of 
components than is indicated from this equation, as 
the transfer press inherently possesses a higher output 
when compared with single presses, in addition to a 























number of advantages which have previously been 
indicated. If, for instance, the component shown in 
Fig. 4 were to be manufactured on single presses at a 
rate of ouput comparable with that of the transfer 
press, say, 1,000 components per hour, then it would 
be necessary either to boost and partially automate 
the single line presses, or to duplicate the whole line 
of single presses. 

With a duplicate line of presses, the tool costs 
themselves would be doubled, as would the operating 
costs. It is therefore clear that the transfer press 
would in any event produce the components more 
economically. When a line of single presses is auto- 
mated, insofar as this is possible to obtain a form of 
semi-automatic flow through the press line, the 
actual costs of forming or shaping the component are 
lowered, but in any event it is not possible to reach 
the same low level of these costs as is obtained on a 
transfer press. On the other hand, both the tool 
setting times, together with tools and auxiliary equip- 
ment costs, will be greater than similar costs on a 
transfer press. 

It is often stated that the transfer press requires 
extended tool-setting times. In practice, however, it 
has been shown repeatedly that the setting time for 
tools in a line of single presses is considerably higher 
than the time required to set tools in a transfer press. 
In practice, it is also found that the cost of tool-setting 
in single presses is higher than tool-setting costs in a 
transfer press when a similar component is being 
considered in both cases. This in fact is indicated 
by the previous example. It is therefore clear that 
efficient production can be achieved even if the total 
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requirements of components is made in small batch 
sizes, the tools for which are set up in the transfer 
press at intervals. 

This point is worth bearing in mind, as it is 
generally not expedient to manufacture given items in 
large batch quantities because this may necessitate 
carrying unnecessarily large stocks of components, 
representing idle capital. Such storing of finished 
components would, of course, have a detrimental 
effect on the overall price of the manufactured 
article. In addition to this, in many cases it is of 
advantage that components should be manufactured 
in small batch quantities so that flexibility con- 
cerning product changes .is retained, without the 
possibility of having to scrap large stocks of com- 
ponents which may become obsolete. 


I am convinced that there are few production 
engineers amongst us who have not at some time in 
their career torn their trouser-legs on the sharp 
edges of tea-chests. Apart from tea-chests, there are 
many more modern methods of storing components 
between successive stages of manufacture on a single 
line of individual presses. On a transfer press, 
however, this inter-stage storage and its associated 
evils, completely disappears; the material flow 
through the production of a given component is 
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Fig. 5. Forces and bending moments acting during load 
conditions with a given component. 
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almost wholly rationalised in this respect, and the 
cost of storing inter-stage components completely 
eliminated. 


Even with large transfer presses producing at 
relatively low speeds, the time required for the pro- 
duction of one component is less than one minute. 
This applies even when transfer presses have as many 
as 14 stations. The output of a transfer press is equal 
to the number of strokes per minute, and at each 
stroke of the press one finished component is manu- 
factured. 


elimination of age-hardening 


This rapid flow of work through a production cycle 
is particularly useful when material which tends to 
age-harden is being used. Because of this rapid 
succession of operation, age-hardening is eliminated. 
Chiefly for this reason, normalising between 
operations becomes unnecessary. An _ additional 
advantage of this rapid flow of material in a transfer 
press, is in relation to aluminium alloys. These 
materials can generally be normalised just before 
commencing production, so that the necessary 
forming or shaping can take place within the transfer 
press. Age-hardening then sets in only after the com- 
ponent has been completed, and the hardness of the 
aluminium alloy which may be necessary for a 
particular component can then be reached during 
storage after manufacture. 


From the overall economic point of view, it is 
worth bearing in mind that faulty material supplies 
can very rapidly be detected in transfer presses. If 
the quality of the sheet is not up to specification, 
this may not be noticed until the last operation of a 
series of individual press operations. By this time 
considerable quantities of components may already 
have been produced on earlier operations in the single 
presses, which may have to be rectified or normalised 
before these components can be used. This will, of 
course, create additional unexpected costs. 


Risks of this kind are completely eliminated in the 
transfer press because of the rapid material flow from 
station to station. The first few finished components 
will clearly indicate material faults. 


It is frequently noted that when components are 
manufactured on transfer presses, as opposed to 
individual presses, normalising operations are 
eliminated. The chief reason for this is the lack of 
time for age-hardening during the work cycle. 
A contributory factor towards the elimination 
of normalising is that more press operations 
can be incorporated in the transfer press. When 
using individual presses, operating costs rise appreci- 
ably with increased numbers of operations, as not 
only the fixed charges, such as machine costs and tool 
costs, increase, but also the actual operating costs. 
In fact, this increase is proportional to the number 
of components produced and obviously considerably 
affects the part cost. 


With transfer presses, however, the only increase 
in cost is in fixed costs, particularly when one can 
disregard the very small additional charge arising 
from setting extra tools in the transfer press. These 








costs hardly affect the part cost even with average- 
sized batches; but, on the other hand, the savings in 
costs by eliminating special normalising or heat 
treating and pickling operations are quite consider- 
able. A further Advantage is that when it is necessary 
for a material to be bonderised, this layer of phos- 
phates will be retained on the component until 
completion and will not be destroyed during the heat 
treatment or normalising. 


Another considerable advantage of transfer presses 
as compared with single presses is low floor spacé 
requirements. A medium-sized transfer press, together 
with its auxiliary equipment such as decoilers and 
levelling units, requires a floor area of approximately 
200 sq. ft. 

To produce the same component in single presses, 
nine individual presses would be required to give a 
similar number of operations. Moreover, in order to 
match the output of the transfer press of approxi- 
mately 900 components per hour, two lines of 
individual presses would be required. The floor area 
for these two lines would be of the order of 1,100 
sq. ft. An additional factor in this connection is that 
manufacture of components on single presses, in 
spite of guards and other safety devices, can lead to 
more accidents, which are virtually eliminated in a 
fully-automatic transfer press. 


influence of design 


In the considerations so far mentioned concerning 
the economics of transfer presses, technical points 
have not been dealt with. The mechanical design of 
transfer presses and associated sets of tools offer quite 
considerable advantages for the economic use of 
these machines. Therefore, I would like to discuss 
some of the basic factors influencing the design of 
transfer presses. 


The drive of the transfer press is accommodated 
in the headpiece; the motor, through an infinitely 
variable gearbox, drives the flywheel. The flywheel 
itself is mounted on a lay-shaft and, by means of a 
rapid acting clutch and brake, can be connected 
or disconnected from this lay-shaft. The actuation 
of the clutch and brake unit is such as to permit 
virtually instant stopping of the ram in any position 
of the stroke. The lay-shaft then drives both pairs 
of reduction gear wheels (Fig. 5) which in turn drive 
both eccentrics and Pitmans, which in turn actuate 
the ram. This general arrangement of the drive 
results in a short path of flow of forces and ensures 
a strong drive connection. Even with greatly 
asymmetrical loading, differential torsion at the 
eccentric drives does not arise. Both twin gear wheel 
eccentric drives are directly above the uprights of 
the press, and are mounted between the anchor 
columns inside the uprights. From this arrangement 
accrue two vital advantageous design factors : firstly, 
there are no bending moments in the crown of the 
press ; and, secondly, the anchor columns them- 
selves are always loaded in pure tension. 

The illustration shows the individual loads at each 
tool station for a particular set of tools, and also the 
resulting bending moments from this load condition. 


The bending moments which arise are relatively 
small, even though the load diagram is compara- 
tively awkward. Deflection which arises due to 
bending moments is therefore also small. The 
blanking station is incorporated inside the left-hand 
upright, directly below the point at which the lower 
end of the left-hand Pitman acts in the ram. This 
arrangement ensures that the blanking tool station 
is not affected by bending moments. ‘The deflection 
at the blanking station is so small that the life of the 
cutting tools is at a maximum. 


Within the right-hand upright a special em- 
bossing station is incorporated. When this position 
is loaded with a maximum pressure, the resulting 
deflection is negligibly small, whilst bending 
moments due to this load do not arise at all. This 
arrangement permits the use of the earlier 
tool stations in the transfer press for planishing 
operations. In addition to this it must be 
mentioned that the loads arising, not only in the 
blanking station but also in this embossing station, 
do not influence the loads occurring in the inter- 
mediate tool stations. 


The illustration also shows that the ram is guided 
four umes at each side, resulting in a total of eight 
long guides. Extremely precise adjustment of these 
guides is effected by means of wedges which ensure 
exact guiding of the ram, even with severely asym- 
metrical loading. 


Transfer presses can be fed automatically with 
coil, with strips, and also with pre-cut blanks. Fig. 6 
shows various types of feeding equipment for 
transfer presses. The top illustration is of a de- 
coiling unit. The stock then passes through a 
levelling unit and is fed forward to the press. Between 
the leveller and the press a short loop is normally 
arranged, the depth of which is maintained constant 
within certain limits by means of a mechanical 
feeler arm. The decoiler itself is so arranged that 
whilst the material is being drawn from a coil on 
one side of the head of the decoiler, the second head 
is ready for loading with a new coil. The bottom 
left-hand illustration is of a strip feed mechanism 
suitable for strip lengths of up to 142in. This 
mechanism feeds strip after strip to the press with- 
out the necessity for an idle stroke of the ram of 
the press between successive strips. 


The right-hand bottom illustration is of a single 
blank feed unit, which feeds from the stack of pre- 
cut blanks to an extension of the gripper rails 
feeding the tool stations in the press. Of the three 
blank stack positions on the dial feed plate, two are 
normally kept full whilst the third is being refilled. 
As soon as a stack is empty, the dial feed plate is 
rotated through a third of a revolution to bring 
the next stack into line with the pick-up head. Both 
strips and blanks are always automatically checked 
within the press to ensure that only one sheet thick- 
ness is being fed. Special arrangements for fully- 
automatic magazine feeds for the feeding of pre- 
blanked and drawn components, or partially bent 
components, have also been designed. This type of 
feed sometimes finds a special application when the 


541 








Fig. 6. On the left is shown a decoiling unit, and be 


a single blank feed unit, as described on page 











(Above) A strip feed mechanism for strip 


lengths of up to 142 in. 
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parts to be fed may be manufactured from the waste 
sheet resulting from another operation. 

Coil stock and strip materia! is fed to the blanking 
station by means of a double-sided precision roll feed, 
in front of the infeed rollers of which cleaning and 
pre-lubricating equipment is fitted. Single-row, or 
multi-row, stagger blanking can be carried out. 
Should stagger blanking be required, then the 
blanking station is arranged outside the main left- 
hand upright of the press. 

Fig. 7 shows a typical stagger stamping mechanism 
which, by cam actuation, reciprocates the blanking 
tool on its slipper at right-angles to the direction of 
the stock feed. The mechanism positively locates the 
blanking tool in each of the idle motion cam positions, 
and hence precise blanking positions are achieved. 
Reciprocating weights and therefore inertia loads on 
this type of mechanism are maintained as low as 
possible. Resetting for a different pitch of cross-feed is 
effected rapidly and easily by means of spindles. 

The second pair of rollers of the roll feed is located 
behind the blanking tool for the outfeed motion of 
the shred towards the scrap cutter. The scrap cutter 
itself is adjustable along the line of stock feed so that 
the scrap can be cut at its weakest section. 

Feeding of the component from tool station to tool 
station within the transfer press is effected by means 
of grippers. It is vital that the motion of the grippers 
not only ensures positive feeding of the components 
from one tool station to the next, but also that at the 





start and finish of this motion the actual speed of the 
grippers must be zero; otherwise the danger would 
exist that when the grippers open, the component 
itself would still possess some momentum which would 
tend to dislodge the component from its correct 
position on the top surface of the bottom tools. 

Fig. 8 shows the drive for transverse motion of the 
gripper rails. One complete revolution of the eccen- 
trics for the ram motion corresponds to one cycle of 
the chain. The sliders attached to the chain move 
the transverse slotted link up and down, and this link 
in turn actuates the left and right-hand rods. At 
the lower end .of these rods the racks move the 
pinions, which in turn give an oscillating 180° back 
and forth motion to crank levers from one dead 
centre position to the other. These levers, through a 
connecting rod, move the gripper rails in the trans- 
verse direction. The combination of slider, rack and 
crank mechanisms ensures positive and shock-free 
feeding of the components, because not only the rack 
and pinion motion, but also the crank and con-rod 
motion, start and end each cycle with zero velocity. 

The combination of these motions results in par- 
ticularly gentle acceleration and retardation of the 
gripper rail motion. Closing and opening of the 
grippers is effected by means of a cam attached to 
the ram. Both gripper closing and transverse gripper 
motions are safeguarded against overloading. This 
overload safety device is electrically controlled so that 
if an obstruction should occur to the gripper rail 
motion, the press is immediately stopped, before any 
further damage could result in a different position. 
Apart from these safety devices, the correct 
positioning of the components at each tool station is 
checked electrically. Feeler fingers immediately 
indicate mislocation of a component in any given tool 


Fig. 7. Equipment for stagger blanking. 
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station, and the ram motion is again stopped instan- 
taneously. By these means faults, such as failure of 
ejection of a component from any top tool, are 
immediately detected, and the damage which a 
further stroke of the ram could cause is completely 
obviated. In order to enable the ram motion to be 
stopped in any position, a rapid acting friction disc 
clutch and brake is used. The actuation of the brake 
and clutch is electro-pneumatic. 

This high speed clutch and brake unit ensures 
immediate stopping of the ram without the damaging 
effects which may take place if the ram were to run 
on any distance after declutching and applying the 
brake. This is of particular advantage when a jam 
occurs, or when one of the uprights is overloaded. 
Incidentally, an overload above a pre-set maximum 
load in any upright brings into immediate operation 
another safety device which stops the ram. 

Similarly, further safety devices stop the press if the 
electrical supply fails, if the air line pressure drops 
below a permissible minimum, or if the oil pressure in 
the automatic oil feed lines fal's below a certain 
value. 

Whenever a fault occurs or an overload takes place, 
this fault is immediately indicated either by a 
warning lamp or by the position of the pointer of the 
overload device. 

From the foregoing description it may appear that 
the press is all too liable to light up like a Christmas 
tree and be in a permanently stopped position. In 
practice, however, the chief object still remains, that 
is, to have the transfer press running continuously 
and also to be able to stop it very quickly in 
emergency. 

The rapid acting clutch and brake unit is found 
very useful when tool setting, because the ram can be 
positioned very accurately. Rapid tool changing is of 
great importance, particularly so with small batch 
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Fig. 8. Drive for transverse motion of gripper 
rails. 


sizes. Depending on the total weight of a set of tools, 
either one combined bolster plate or two are used to 
mount the bottom tools, so that individual tools need 
not be removed or set singly. Fig. 9 shows this form 
of tool set. 


When dismantling a set of tools from the press, the 
top tools are first lowered on to the bottom tools, 
then the top tools and bottom tools fixed to their 
bolster plates are removed together from the press. 
This operation is generally effected by the use of 
fork lift trucks. 

When inserting a set of tools into the transfer press, 
again a fork lift truck will lower the bo'ster plate on 
to the press table, and the bolster plates are then 
moved into position against positive keys or stops 
fixed to the bed of the press. Height setting data for 
top tool height position is normally maintained on a 
data sheet. The normal procedure is as follows : 


Individual positive ejectors in the ram are dis- 
engaged. The ram is moved into the top dead centre 
position. The tools are then inserted into the press. 
Then individual top tool holder heights are adjusted 
either by means of a ratchet lever, or by means of an 
electrically-driven rapid setting attachment. Height 
settings are checked on scale readings on the indi- 
vidual top tool holders; these scale readings once 
established are obtained from the data sheet. Then 
the ram is lowered to a point where the top tool 
stalks reach into the tool holder holes. Top tools are 
then clamped up in the conventional manner. Then 
the necessary air pressure for each individual pneu- 
matic cushion in the bed has to be set. This is 
effected by means of the handwheels, seen in the 
lower part of the illustration, and the mano- 
meters which indicate the pressures. Again from 
previous experience, individual stage air pressures for 
the cushions are taken from the data sheet. 








After this, the positive ejectors are set, again to 
scales and previously established values. When this 
work has been completed the pair of gripper rails, 
complete with grippers and safety feeler fingers, are 
fitted over the bottom tools and into the gripper rail 
drive mechanism. After this, the separate blanking 
tool is mounted between the left-hand uprights, the 
position of the scrap cutter is reset, and the stock for 
the production of the component is fed into the roll 
feed. 

The first cycle of the press can then take place, and 
necessary minor corrections may be carried out to 
top tool height settings or ejector settings. 

The efficiency of a transfer press can often be 
considerably increased by designing the components, 
or laying out the stages in the transfer press, to 
permit standardisation of components. By these means 
some of the operations in a transfer press can be used 
for different components. All the necessary tools 
should be mounted on a combined bolster plate, 
although only a portion of them are used for the 
production of any given component. This would 
result in very low tool changing times. 

In some instances it is possible to maintain the 
same external form for two different components, 
particular.y so in cases where different hole piercing 
is necessary. In such cases tool changing is completely 
eliminated, and all that is necessary is to lift one or 
more piercing top tools out of engagement, so that 
those particular tools do not perform any work on the 
component. The operations on the part will then be 
carried out, and the unnecessary tools will merely 
be by-passed. In cases where lifting the top tool is 
insufficient, it is of course possible to remove only the 
top tool from the press. In such cases changing the 
press from the production of one part to the other is 
effected within minutes. This example demonstrates 
the effectiveness of standardised product design 
within an organisation. 


Fig. 9. Tool setting. 


Even the best transfer press cannot function 
rationally if, due to inexperience, mistakes have been 
made in tool design. Transfer press tools are designed 
with different basic assumptions as compared with 
conventional press tools. It is vital to eliminate from 
the very beginning operations which are of a risky 
nature. Individual tools (as previously indicated) 
should be kept as simple as possible, so that the com- 
ponents will not lead to frequent jams in one tool. 
It is important that successive stages are so arranged 
that effective and positive working of each individual 
tool is achieved, and also that at no single point is the 
metal which is being worked so highly stressed as to 
reduce the life of the tool. Similarly this will obviate 
frequent stopping of the press because of localised 
repeated trouble. For instance, at a cutting station 
the remaining metal thickness in the component 
should be sufficiently strong to ensure that tearing of 
the material does not take place. In order to avoid 
this, it is better to carry out a given amount of cutting 
in two successive stages, than to do all the cutting 
work in one tool and thereby risk fractures in the 
component. Also, heavily loaded tool stations should 
be so arranged as to be positioned near the uprights, 
rather than at the centre of the press. Such opera- 
tions, for instance embossing, should whenever 
possible be carried out in a special embossing station 
towards the end of the total number of operations on 
a component. 

During the design of transfer press tools, particular 
attention should be paid to the fact that these tools 
are intended for mass production. The very design 
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of each tool, and the selection of tool steels for items 
in tools which slide against each other, has to be 
carefully considered. The build-up of a tool should 
be such that certain steels which may be subject to 
wear can be readily interchanged without having to 
remove from the press either the top tool or the 
bottom too. Methods of removal of scrap are 
particularly worthy of detailed attention. Scrap, such 
as piercing slugs or trimmed shreds, should be re- 
moved positively. When scrap chutes have to be 
incorporated in the tools, the scrap should be 
removed by means of positively acting levers or com- 
pressed air. 

Springs for the actuation of positive motions of 
parts of tooling are best avoided. All such motions 
inside the tools, as for instance ejection motions or 
slider side-piercing motions, shou'd, whenever 
possible, be effected by means of cranked cams with 
positive return motion. Incidentally, it is vital that 
the fixing of cranked cams should permit a shearing- 
off of the cams if a fault develops an overload, so 
that the cam is broken off before doing considerable 
damage to the tool. 

All drawing tools must be fitted with provision 
for the supply of coolants or lubricating fluids. Such 
connections are fitted by means of pipes to drilled 
ducts inside the top tool. Transfer presses are 
equipped with a return flow system for these fluids, 
the flow being achieved by means of an independently 
driven pump, collector troughs, filters and sieves. 

In conclusion, I would like to give some indication, 
by means of two illustrations, of some of the many 
and varied shapes of components which can be manu- 
factured on transfer presses. Fig. 10 shows various 


operation sequences of circular and irregular com- 
ponents on transfer presses, and demonstrates that 
considerable form changes are possible without inter- 
mediate normalising. Fig. 11 shows further transfer 
press parts. 

I have attempted to give you some small indication 
of the various factors which have to be considered 
when evaluating the economics of whether a given 
part is to be manufactured on a transfer press, or 
on individual presses. When the components to be 
manufactured are of such a design as to lend them- 
selves to manufacture by individual successive press 
operations, then it has been seen that the transfer 
press can be used efficiently, even if only tool costs 
and production costs are considered. 

The economics of a transfer press become even 
more advantageous when other factors concerning 
the efficiency of the machine are drawn into con- 
sideration, such as greater output, lower scrap 
percentage, elimination of normalising and pickling, 
saving in floor area, faster material throughput, 
elimination of intermediate storage, reduced quantity 
of finished components in store, safe operation and 
accident prevention, and other similar factors. 

With these acknowledged facts in mind, one 
industrial concern concentrated the whole of its 
production on transfer presses more than 20 years 
ago. This factory possessed 96 transfer presses which 
enabled even small batch sizes to be manufactured 
with considerable economy. This fact will illustrate 
better than words that the manufacture of com- 
ponents on transfer presses has proved itself, and that 
the efficient use of transfer presses could be employed 
far more widely than is usually expected. 





Fig. 10. Operation sequences in production on transfer presses. 
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Fig. 11. Operation sequences in production on transfer presses. 
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MANUFACTURING TECHNIQUES ON 
THE AWA ARGOSY AIRCRAFT 


by R. A. COURTMAN 


Executive Assistant to Director and General Manager, AWA 


| beste dealing with the actual cutting and 
manipulation of raw materials, I would like to set 
out a few points about the birth of the Argosy and 
of the organisation behind this project. This will 
give some background of why we went up this 
“street” and will also illustrate the tremendous size 
of the task. 

With the first signs that contracts for military 
aircraft were to be curtailed, A.W.A. cast round for 
ways and means of keeping their factories employed. 
This problem was one involving over 9,000 employees 
and two million square feet of floor-space. Many 
proposals were considered and one of the possibilities 
investigated was a freighter aircraft; this was the 
eventual solution chosen by our Directors. 

A world-wide sales survey was carried out and 
every aircraft user was visited and his views on 
freighting were obtained. The results of this survey 
showed that there was a market for a medium-size 
pressurised aircraft on medium ranges. An aircraft 
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A. W. MENZIES, M.B.E. 


Process Development Manager, AWA 


easily convertible to passenger-carrying was recom- 
mended. 

Bearing in mind the needs of the majority of 
potential users, the aircraft outline was schemed by 
the Design Office and the Board of Directors 
authorised the manufacture of 10 aircraft to the 
AW.650 specification, plus two complete aircraft for 
static and fatigue tests. In addition, a full scale 
mock-up was put in hand. 

Basically, the Argosy is 82,000 Ib. all-up weight 
and is capable of carrying 28,000 lb. payload at a 
speed of 300 miles per hour. It has a range of up to 
2.490 miles and carries up to 86 passengers. One of 
the main structural attributes is that full-width 
loading is provided at the front and rear of the fuse- 
lage. Long life — 30,000 hours — has been catered 
for in structural design and fail-safe techniques have 
been applied. 

We have other developments of the Argosy in 
hand, and these include a low density freight version 
which is capable of carrying six cars plus 30 
passengers. 

This decision was one of the biggest and most 
courageous private venture steps ever taken in this 
country. The cost was expected to be in the order 
of £10 million before any return by the way of sales 
could be expected. 

The aircraft was at that time alone in its field 
as far as new aircraft were concerned, but the main 
competition would come from the second-hand 
piston-engined aircraft which would be thrown up 
from passenger service by the introduction of the 
jet-engined airliners. 








The time to first flight and time to full 
Certification was taken to be of prime importance in 
the project. 

This dovetailed with the basic engineering concept 
that, whilst the aircraft was to be technically capable 
of meeting the most stringent safety and operational 
requirements, it should be extremely reliable and all 
equipment and methods of construction were to be 
well tried and proven — if not by actual operational 
use in existing aircraft, then by means of exhaustive 
pre-flight tests at A.W.A. 

One example of this is that the engines forward 
of the bulkhead are identical to the Viscount installa- 
tion — in fact, the engine cowlings and forward 
mountings are supplied by Vickers-Armstrongs. 
Similarly, the wing spar is a development from the 
Avro Shackleton and design and manufacture of this 
item has been entrusted to our sister firm, A. V. Roe 
Limited. 

In this connection, I must point out that the full 
resources of the Hawker Siddeley Group Aviation 
Division are available to any of its members and the 
Argosy Project has been no exception. Gloster 
Aircraft, Air Service Training at Hamble and High 
Duty Alloys have provided substantial design and 
testing assistance, in addition to that given by A. V. 
Roe. 

So the hard commercial facts were crystallising. 
We had to offer the operator an aircraft with a 
guaranteed fatigue life and which we could supply 
at a time and price to meet the competition. 

The configuration of the aircraft is shown in the 
Appendix to this Paper. 


liaison with production 

From outset of design the production team has 
been consulted in all matters affecting tooling, man/ 
hours, accessibility and mobility of components. As 
is usual in A.W.A., a Project Development Committee, 
under the chairmanship of the Chief Designer, was 
set up as soon as the instructions to proceed were 
given. The sole purpose of this Committee, which met 
weekly in the early stages and now meets fortnightly, 
is to co-ordinate the Design and Production effort and 
to utilise fully production experience to make sure 
that designs are practical and economical propositions. 
Sub-committees in specialist fields such as tooling 
and new processes have been used as necessary. 

The Committee structure on the Argosy is shown 
in Fig. 1. 

The design study on the Argosy was carried out 
jointly by Design, Production and the Commercial 
Departments and, apart from the design programmes, 
the man-hour content of the prototype and sub- 
sequent aircraft was estimated and a provisional flight 
programme was drawn up. 

This production plan was one of the most 
ambitious ever set and it is significant that it has 
never changed. We shall therefore achieve production 
times which have never been approached in this 
country. 

We set ourselves 27 months in which to design 
and build this aircraft. The Production Departments 
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Fig. 1. Argosy Committee structure. 


will have built the aircraft in 22 months since the 
first drawings were issued to the Shops. 

One of the first decisions taken by the Development 
Committee was the structure breakdown and the 
main build sequence, bearing in mind the Design 
conception. It has not proved necessary to change 
the breakdown or build sequence. 

It was in this setting that Production set out its 
own stall and a master production programme was 
compiled. This programme was based on the original 
design study flight dates and the entire production 
facility is controlled by this single piece of paper. 

Briefly, the principle is this: the aircraft build 
is broken down into nine fabrication stages as 
follows :- 


Priority 1 — Manufacture of details 
Priority 2— Manufacture of details 
Priority 3 — Detail assembly 
Priority 4— Sub-assembly 

Priority 5— Unit erection 

Priority 6 — Fixed fittings 

Priority 7 — Equipment 

Priority 8 — Final assembly 

Priority 9 — Flight Shed 


Cycle times and completion dates are fixed for 
each stage. In the earlier “ making stages” the parts 
are made in batches, but as the aircraft units grow 
in size the programme deals with them individually. 
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Fig. 2 shows the main principles of this master 
programme. 

Production meetings are held regularly to review 
the progress of the entire project and Departmental 
Heads bring up any major snags, which are dealt with 
at the highest levels. 

The final build stages of the aircraft have, 
naturally, brought the greatest pressure and we now 
hold a top-level meeting in the Final Assembly 
Department every four days. 

So much for the general administration . . . now 
we will turn to the real subject for review — the 
actual manufacture of parts and units. Incidentally, 
there are approximately 45,000 designed piece parts 
in the Argosy — not counting standard parts — nuts, 
bolts, washers, rivets, etc. — and some 7,500 
assemblies. 

The build plan has been to produce the detail parts 
and to build these into aircraft units at the main 
factory at Baginton and also to equip the units 
individually in that factory. The units are then 
transported to the Final Assembly factory at the 
airfield at Bitteswell, where the aircraft are com- 
pleted to the engine run stage. 


The aircraft are then towed two miles across the 
airfield to the Flight Sheds and from there carry 
out all test and pre-delivery flying. The airfield at 
Bitteswell has a Control Tower and is fully equipped 
with U.H.F. and V.H.F. Radio, Automatic Direction 
Finders and Air Surveillance Radar. Runway lighting 
and flarepaths give full night-flying facilities. 

I would now like to break away from build 
sequences and erganisation and illustrate the methods 
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of manufacture we use in our various shops. One 

point may be of interest — in the build of aircraft 

at A.W.A., 30% of the direct labour is employed 

in making components and 70% in fitting them 

together and putting the aircraft on the flight line. 
Firstly, some general points on tooling. 


tooling economy 

To meet competition in the commercial market 
it was necessary to control thoroughly the costs of 
such a large project. Not least in this connection 
were tooling costs and the aim for economy tooling. 
A Tooling Economy Committee was formed to ex- 
plore this field and new tooling techniques were 
sought and new economy tool designs established. 

By far the greatest savings were obtained in respect 
of detail production tooling, but much was also 
gained in both tool cost and floor space by the use 
of picture frame type assembly. Many expensive 
frame assembly jigs were avoided by the use of 
standard grid tables and layout boards, the location 
in grid tables being set to lofting templates. 

A fair sprinkling of new materials was used, such 
as reinforced plastic tubing and epoxy resin where 
double curvature surfaces were made easy. In the 
case of the Fibreglass tubing there was tremendous 
weight advantage when used for check jigs and 
reference media. 

There is space here to give only a_ few 
examples of economy tooling used on the Argosy. 


router jigs 


With the increased demand for router jigs as 
a result of small work batches, a simple version was 
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Master Programme. 











adopted, using a 10 s.w.g. template to the required 
component profile plus plywood packing and used in 
conjunction with universal receivers stationed on 
each router machine. Also incorporated in the router 
templates for medium to large components are un- 
bushed holes for drilling, which was performed on 
Wadkin radial drills with attached drill bushes and 
clamping feet. This saved a very heavy bill for tens 
of thousands of drill bushes. 


plate drill jigs 

This type of tool for small plate components 
is probably the most called for in our class of work 
and although we were already making a simple type 
of tool, we found that overall costs could still be 
reduced by saving on the actual material content 
of the tool. The result was a 12 s.w.g. L.A. back 
plate with extruded locating angles and 10 s.w.g. 
light alloy drill plate with pressed-in knurled outside 
diameter bushes, which have proved very successful. 
The bushes are replaceable in service. 


adjustable joggle tools 
There is also a large requirement for joggles on 


stringers, frame angles and many sectional materials, 
and to combat the provisioning of individual joggle 
tools we developed an adjustable joggle sub-press 
which works in conjunction with one of our HI-TON 
presses, and caters for 80°/ of requirements for 
joggles on angles, channels and tee sections. 


lofting template drilling 

All contours, irregular profiles and developments 
were lofted on a template, including tooling holes 
and other hole requirements. To avoid a bottleneck 
on this drilling, which was previously done free- 
hand, using a Perspex bush and plate, we have 
developed a special pneumatic piercing machine with 
optical sighting which has greatly speeded up this 
work. 


drill reference 

Reinforced components were sometimes cheaper 
to make into drill references than the orthodox jig 
structure, which in the case of long and narrow 
components presented problems of stability and 
weight which are often very expensive to overcome. 
Advantages were gained by this means. 





Fig. 3. Cincinnati 56/90 Duplex miller, adapted for contouring and varying angles. 
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stretch blocks 

Having decided on mechanical stretching of all 
double curvature skins, a cheaper form of stretch 
block was produced to meet a requirement for 60 
large tools for the Hufford A.46. This method called 
for a 16 s.w.g. skin to be wheeled to a cradle of 
templates, and attached in position to the cradle, 
which was then lined with felt and filled with con- 
crete. The set concrete was removed together with 
the felt and the correct amount of epoxy resin was 
poured in the cradle and the concrete returned to 
the cradle until cured, after which it was removed 
from the cradle and ready for use as a resin-faced 
concrete stretch block. 


assembly jigs 

Assembly jigs for aircraft control surfaces of the 
size of the Argosy could well become weighed 
down by loads of locations. Component breakdown 
on the Argosy is to simple sub-assembly, jigs being 
provided for the slat assembly, nosing assembly and 
tail assembly and a final main assembly jig for joining 
up the sub-assemblies. 

Now I would like to describe some of the more 
interesting machines and methods in the Shops. 


machine shop 

The general pattern of machining at A.W.A. is 
the same as at most airframe factories, but it is the 
largest unit in this country in the airframe business. 

Altogether we have over 500 machine tools in 
the Machine Shops and to replace these tools today 
would cost £2,500,000. 

One of the biggest troubles in the aircraft industry 
at the present time is that small batches are the order 
of the day. Tooling, therefore, must be kept simple 
and the machines must be flexible. I will not talk 
about the commonplace machines, but I will mention 
the more unusual machines in the aircraft Machine 
Shop. 

Fig. 3 shows A.W.A.’s method of adapting a 
standard 56/90 Duplex Cincinnati to machine 
varying angles on freighter components. 

The Cincinnati bearings in the 56/90 have been 
replaced by spherical bearings, the arbor then being 
connected to the drive by a universal joint on one 
side of the machine only. On a Duplex machine each 
head works independently and by the fitting of a 
cam bar on each side different angles and contours 
can be generated as the table traverses. We can get a 
varying angle of 14° in either direction on a boom 
length of 7 ft. 6in. This has resulted in a big saving 
of machine time. 

Tracer machines also keep down the cost of tooling 
and we use copying machines of both the Cincinnati 
type and Droop Rein. 

Three-spindle copying is employed and other 
machines are fitted with both 360° tracing and 180° 
die sinking. 

Many extruded sections are used on the Argosy. 
These vary up to 30 ft. in length, and involve varying 
angles. Apart from the normal machining, all 
extruded sections are face-milled to remove coarse 
grain growth to meet the “long life” requirement, 
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Heavy duty routing is being used extensively in 
the Machine Shop for speed in production of light 
alloy components. The manufacture of the template 
by which the cutting head is guided is less expensive 
than normal fixtures, and parts can be reproduced 
at a faster rate. 

On undercarriage locks and similar fittings, very 
close limits are essential. We have found that grinding 
wheels can be formed with greater accuracy by using 
Diaform attachments in conjunction with a sheet 
metal template giving a reduction of 10: 1. 

On drill jigs for small quantities, we use a consider- 
able amount of standard unit construction — rather 
like a Meccano set. When a component is completed, 
the set-up will be broken down and the parts used 
again for another component. 

To deal with all our machining problems would 
require a Paper on its own ~— we have, however. 
tried to cover methods not usually encountered. 


routing 

Where component batch sizes are small and the 
period between design and production is limited, 
routing is an ideal means of producing light alloy 
components which would otherwise require expensive 
press blanking tools. The advantages of routing are :- 


(a) inexpensive and relatively simple tooling, i.e., 
the majority of the jigs are made from wood 
and metal templates ; 


(b) relatively short floor to floor times, with three 
or four components being machined together. 


The range of machines used at A.W.A. include :- 


fixed head routers 

These machines are used for the production of 
the smaller components requiring profiling. The 
cutting head is a fixture and cutting traverse is 
obtained by moving the work past the cutter. Profile 
templates used are made in M.S. plate or heavy 
gauge light alloy. 


radial arm routers 

These machines profile the large frames and 
bracers used in airframe construction. 

The jig is fixed to the machine table and the 
cutting head traversed round the profile template. 
For extra long components the machine table can 
be moved longitudinally and locked on fixed locations. 
Profile templates are of wood or light alloy. 


A.W.A. developed equipment for routing 

Besides the extensive range of proprietary 
machines, A.W.A., by using standard routing heads, 
have developed equipment capable of machining 
intricate pre-formed components peculiar to the 
industry, and which were previously hand routered 
(Fig. 4). This machinery has now been adopted by 
other companies. Profile templates used on these 
machines are made from glass cloth and mild steel 
in the form of shrouds. 

The cutter speeds for all the above machines 
are in excess of 18,000 r.p.m. and the cutters are 
of the two-fluted type with tungsten carbide tips. 
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Fig. 4. 
A.W.A. adaptation of routers. 


Many of the products of the Routing Section go 
to the Press Shop for further operation. 


press shop 

In the Press Shop is an extensive range of press 
from the fly-presses to a 750-ton double action 
hydraulic press and an 8,000-ton rubber press. 

We are able to keep a shop employing over 150 
operators busy even with small batch production as a 
result of years of experience, and by using standard 
equipment which is interchangeable on the different 
types of presses. 

A 750-ton double action Clearing press is used 
on some of the larger components for which stretch 
forming or drop hammer is unsuitable. 

An inexpensive method of forming 
parts is by rubber press, shown in Fig. 5. 

This press has two tables 9 ft. X 5 ft. 
which girls can be loading at one end 
whilst the load on the other table is 
being pressed, giving a fast cycle of 
pressing. The principle of the press is 
to force male forms into a 9 in. thick 
rubber bolster. 


Fig. 5. Rubber pressing on the 8,000-ton 
Shaw press. 


As many as a million pressings have been formed 
on one rubber bolster, but this waries with the depth 
of the pressings. In certain instances, pressings to a 
depth of 4in. have been formed. 

The cost of making tools for conventional presses 
would be too expensive for the small quantities 
involved, so the rubber press, which only requires 
the male form blocks, is mostly used and typical tools 
can be seen on the table in the illustration. 

The tools for rubber pressing are made frem a 














variety of materials such as resin, impregnated wood, 
steel and zinc. 

Part of the Press Shop is a large Manipulation 
Section, which is totally different to the usual equip- 
ment in a conventional Press Shop. The main purpose 
here is to form double curvature skins and to shape 
sections. 

This is very specialised and expensive equipment, 
but is an absolute necessity, as we could not produce 
the modern aircraft skins and formed sections to the 
desired accuracy without it. 

The Hufford 300-ton stretch press used is capable 
of pulling a skin 5 ft. wide and 14 ft. long. These are 
pulled over the blocks made in a number of different 
ways, some of concrete covered with epoxy resin, 
some of glass cloth, some of wood. The methods of 
manufacture of the concrete tools were covered earlier 
in this Paper. 

After the skin has been stretched to the contour, 
but while still under stretch, a gate is dropped down 
and spud marks and lines made so that the skin can 
be cut to the right outline in relation to the bend. 

A different machine is the ERCO stretch press 
which, instead of wrapping the sheet around the 
former, pushes the former by hydraulic rams into 
the sheet to give the correct form. 

For the bending of sections, a stretch press of 
a smaller capacity is used which allows the stretching 
of extruded sections and small sheet sections, again 
by wrapping round a shaped former. 

It may be of interest to note the adaptation of 
a pneumatic cylinder which, after the part is 
stretched and is still under tension, puts joggles into 
the part. 

Incidentally, Farnham rolls are used to form single 
curvature panels. Leading edges are a _ good 
application for these rolls. 

The rolls consist of two bottom rollers capable 
of horizontal traverse and a top roller capable of 
vertical traverse. They can be positioned parallel to 
one another to produce cylindrical curvature, or out 
of parallel at either end to produce conical curvature. 

The rolis are motor driven and take the sheet 
through giving it the required curvature. If a radius 
sharper than the top roller is required, a beam 
carrying the required radius former is fitted in its 
place and the machine is used in the same way as 
a brake press. 

This touches only lightly on manipulation — there 
are a number of other methods, i.e., tools, forming 
presses and shrinking machines. 


coppersiniths 

Leaving machine tools, we turn to another type of 
manipulation and mention the methods used in 
A.W.A. to manufacture pipes. These are mainly in 
tungum alloy, but we do have a fair amount of 
stainless steel pipes. 

Methods of pipe manufacture have changed 
considerably over the past few years and mechanisa- 
tion has become necessary. 

The main points to be achieved in pipe manu- 
facture are interchangeability, pressure proofing, 
complete freedom of wrinkles in bends and main- 
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tenance of section roundness. It has been proved 
that ovality has a serious effect on fatigue life of 
a pipe. 

Even with all the mechanisation available, the 
craftsman is still very essential in aircraft manufac- 
ture. The first set of pipes is tailored to the aircraft 
and becomes the master set of pipes from which the 
jigs are made; all future sets of pipes being made to 
these jigs and the main bending carried out by 
mechanical means. 

The technique of the bending machines is to bend 
unfilled pipes by drawing them over a fixed mandrel. 
We now use Pines and Hilger machines. 

The old method was to fill pipes with Cerrobend 
before bending on presses. This method caused trouble 
through adhesions to the pipe interior walls not being 
removed. 

For the attachment of end fittings we use induction 
brazing in some instances. 

Fourteen hundred pipes are required on the Argosy 
and these range from ;%,in. to 4in. dia. 


tinsmiths 

Still continuing on the manipulation theme, the 
peculiar contours of aircraft in general involve many 
of the sheet metal skins. Tinsmiths deal with all 
freehand manipulation of double curvature skins. 

Although I have outlined some of the more 
interesting techniques in the Making Sections, I have 
not mentioned the Wood Shop, the Heat Treatment 
and the Plating Shops, the welders, the painters 
and numerous other trades. These are not by any 
means unimportant, but space simply has not per- 
mitted their inclusion. I feel, however, that I should 
spend a few minutes on the bonding of metals by the 
Redux process and also the use and the forming of 
plastics. 


the case for Redux bonding 

From a design standpoint, particularly in obtaining 
satisfactory fatigue life and weight saving, it was 
decided to use Redux bonding in the Argosy. Redux 
is one form of gluing metal parts together. 

The great advantage of using Redux for aircraft 
construction is that it is possible to approach the 
desirable aims of integral construction by much 
simpler means. 

These detailed advantages can be summarised 
thus : 


Reduction in weight 

Increase in fatigue life 

Smooth external finish 

Pressurisation simplification 

Design simplification 

Maintenance simplification 

New types of structure are possible, making use 
of foams or honeycomb interspacers 

Complicated machined fittings can be replaced 
by equivalent fittings made up from laminated 
sheet pressings, which result in superior fatigue 
characteristics. 


This meant that Production was faced with a new 
technique, and the installation of new large expensive 




































plant and it was decided that an autoclave would be 
a more universal type of installation. ‘lhe size chosen 
was 20 ft. long and 3 ft. in diameter. 

The autoclave is capable of up to 200 lb. pressure 
and a temperature ot 180°C. 

To ensure the high standard of cleanliness essential 
for the process, pre-treatinent baths were installed in 
the actual Redux Department. ‘!he Redux plant is 
illustrated in Fig. 6. 


A.W.A. method 

The particular method we use involves liquid and 
powder resins in the case of sheet or machined items, 
and liquid and glass cloth reinforced film in the case 
of honeycomb interspace fillings. 

Components are degreased, chemically washed and 
then rinsed in cold water. Chemical etching follows 
in a sulphuric-chromic acid bath for 30 minutes, after 
which components are again washed and hot air 
dried. 

The Redux liquid and powder is applied within 
6 hours of etching. 

Curing of the bond is effected by subjecting the 
joints to a pressure of 100 lb./sq. in. at a temperature 
of 140°C - 145°C at the glue line for 20 - 30 minutes. 

This pressure is applied in an autoclave, whilst 
the work is contained in an evacuated bag in order 
to apply a lateral squeeze to the glue line. 

As a process, Redux bonding is similar to heat 
treatment in that very careful control over the whole 
process is necessary, as subsequent inspection is 
naturally limited and, as in the case of heat treat- 
ment, we make use of test specimens which are taken 
to be representative of the whole batch. 

Two types of tests are carried out — shear strength 
and peel strength. 

Shear strength values must be in excess of 1,800 lb. / 
sq. in. and peel strength in excess of 30 lb./sq. in. 

This latter test is primarily intended to indicate 
the efficiency of the pre-treatment process and is not 
mutually related to the shear strength as, although 
low shear values give low peel values, the converse 
is not necessarily true. 

Indeed, some firms have found the results of peel 
tests so confusing that they have discontinued them. 
At A.W.A. we have not run into serious trouble on 
this point. 

Whilst discussing Redux bonding, it is perhaps a 
propitious moment to say a few words on the use of 
plastics. 


the use of Fibreglass in aircraft tools and 
components 

Since the War the use of resins and glass cloth 
for various forms of tools, templates, stretch form 
blocks and fixtures has become common practice. 

The resins in conjunction with glass fibre are being 
used for certain products for incorporation in aircraft. 

Epoxy resins possess many qualities which make 
them suitable for a*variety of tools, as they are 
dimensionally stable and can be cured at room 
temperature. They possess high impact and abrasive 
strength as well as good adhesive qualities, in addition 
to non-corrosive properties. 


Fig. 6. Redux bonding equipment. 


These epoxy resins are supplied by a number of 
manufacturers under different trade names. 

Fibreglass and resins are used in the making of 
skin drill shrouds as follows. One layer of the glass 
cloth is clipped on to the skin using bulldog type 
clips, and with a good light at the back of the jig. 
All holes can be seen through the cloth and are 
marked on the cloth with a crayon. 

In all, four layers of the glass cloth are clipped 
together with the marked layer on the top and all 
holes are punched using a standard hand punch. 
Special knurled bushes are bolted through the skin. 

The component is painted with a release agent and 
allowed to dry. The first layer of glass cloth is 
impregnated with resin on the underside only and 
then placed on the component and over the bushes. 
The outside of the first layer is then given a coating 
of resin and the second layer of glass cloth treated in 
the same way as the first layer, and so on until all 
four layers are in place. 

Suitable brackets for location are let in at the same 
time and reinforcement added as necessary. 

The whole is then cured by using infra red lamps. 
It can be seen that this is a very cheap method 
of making drill shrouds, as the only skilled operators 
are those marking off the first production unit. 


fin fairings 

Fig. 7 shows an Argosy fin fairing made of Fibre- 
glass and polyester resin. 

This is produced with a Fibreglass 2 X 2 twill 
cloth .007 in. thick. The method of making is to 





Fig. 7. Argosy fin fairing in Fibreglass. 
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Fig. 8. Assembly of fuselage floor segments. 


have a wooden block to the inside form. This is 
sprayed with a parting agent and the glass cloth 
tailored to the shape required. 

One sheet of Fibreglass is thoroughly impregnated 
with resin on the form block; extra strips of glass 
cloth at stiffening points are laid where necessary. 
Three additional sheets of glass cloth are placed 
on the block and each thoroughly impregnated and 
all tucks and wrinkles are smoothed out when 
brushing in the resin. The part is then covered first 
with a thin film of polythene, then with felt and, 
finally, a rubber sheet is clamped over the entire unit. 
Air is then evacuated by means of a vacuum pump 
and the fairing left overnight to cure at room 
temperature. 

After curing, the rubber and felt are stripped 
off and the fairing is rubbed down, generally cleaned, 
and is then ready for painting. 

So numerous are the parts made in this manner 
that it would be impossible to show all the variations. 

I would now like to cover the building sections and 
for the purpose of this particular exercise I think it 
is as well to follow the progress of a specific unit 
from sub-assembly to final assembly. I propose to use 
the fuselage as the main example. 


sub-assembly 
The first stage of sub-assembly is the fabrication 
of frames and this is followed by the assembly of 
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frames, stringers and skins to torm segments of the 
fuselage. Fig. 8 shows the method of jigging and 
assembly. You will see how the frames are located 
at critical points, as also are the floor rails. This 
particular point I would stress for reference later. 

Now we will follow through to the Unit Erection 
Shop. 


unit erection 

Again using the fuselage this is, of course, 
the largest unit —the main jigging strategy is that 
the various sub-assemblies are self-jigging. The 
fuselage — which is 47 ft. long and 15 ft. high, is 
built like a ship (Fig. 9). 

The various floor segments comprise the keel and 
this structure rests on a series of felt-lined cradles. 
These cradles are made from resin-bonded laminated 
plastic sheet. The main jigging points are the end 
frames, the main floor rails, the wing-pick-up points 
and the frame joints. 

The end frames and the wing-pick-up points only 
are located by metal superstructure, but the rest 
of the structure is jigged from the floor rails by means 
of Fibreglass tubular gates. These tie-up the critical 
frame locations (Fig. 10). 

These Fibreglass gates are cheap to make, are light 
in weight and being constantly in use, are easily 
handled by one man. After the main assembly joints 
are fixed, the gates are removed to allow full access 
to the interior of the fuselage. 

The Argosy is a pressurised aircraft and in use 
this means that the doors will be subject to a total 
pressure of approximately 50 tons. A very still 
structure is therefore essential. Note the double 
curvature skins and the sandwich construction of the 
bulkhead on this door. 

The tailbooms will be of interest. These are 47 ft. 
long and Fig. 11 shows the familiar A.W.A. con- 
struction methods. 


equipment 

After the units leave the assembly jigs, they are 
fitted with electrics and general services before going 
to final assembly at Bitteswell. The main work com- 
prises running engine and flying controls, hydraulic, 
fuel and cabin systems and system controls. Electrics 
are, of course, a major item and the focal point for 
all this work is in the cockpit and aft of the cockpit 
in the cockloft. Before we follow on to final assembly, 
let us review the test rigs which are located in the 


Equipment Shop. 


test rigs 

These rigs have been introduced to avoid irritating 
delays on the actual aircraft to prove systems, equip- 
ment, etc., and to simulate as far as possible actual 
flight conditions. 


fuel flow test rig 

The fuel test rig for the Argosy consists of a 
steel and wooden structure in which the five fuel 
tanks of a port wing are housed. It is supported at 
the inboard end on two hydraulic jacks, by means 
of which changes of wing incidence over a range of 
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Fig. 9. First stage of fuselage erection. 


Fig. 11. Assembly of tail booms. 


Fig. 10. Further stage of fuselage erection. 








.£10° can be simulated. Dihedral can also be 
obtained over this same range by means of a chain 
sling and hoist situated at the outboard end of the 
rig. 

The fuel tanks, components, and piping layout are 
fully representative of one half of the aircraft, the 
other half being identical. The rig houses all auxiliary 
instrumentation equipment which is required for 
test purposes ; aircraft gauges, switches, etc., are 
housed in a movable trolley. 

The test schedule being worked through consists 
of checks on gravity flow, flow using pumps, calibra- 
tion of contents gauges, refuel and defuel tests, un- 
usable fuel tests, etc., during all of which flow rates, 
pressure, etc., are measured. 


General Data 
Total fuel content of rig = 1,690 gallons. 
Time to refuel = 11 minutes (150 g.h.min.) 
approximately at 50 lb./in.’. 


cabin conditioning test rig 

The cabin conditioning test rig is fully repre- 
sentative of the aircraft system with the exception 
that water is used for cooling instead of air. The 
blowers providing the air for the cabin are driven 
by a 175 h.p. motor. The tests to be carried out will 
be a check of temperature, pressure and flow at a 
number of points in the system for various blower 
speeds from 4,000 r.p.m. to 12,000 r.p.m. 


hydraulic test rigs 

The hydraulic test rigs cover the main and nose 
undercarriage and flaps. All the components have 
been laid out to represent as closely as possible their 
relative position in the aircraft, lengths, diameter and 
material of pipes being, where possible, the same 
as in the aircraft. 

On the main and nose undercarriage aerodynamic 
drag loads on the legs are produced by pneumatic 
jacks and loads on the doors, by jacks and lead 
weights. The same applies to the flaps, pneumatic 
jacks simulating aerodynamic loads. The tests carried 
out will first of all prove that the system meets the 
Air Registration Board requirements. 

After this cycling tests will be carried out to 
check wear of components. All relevant components 
have been accurately measured before assembly in 
order to obtain an accurate measure of wear. The 
rig will be run for 16 hours per day, five days a week 





Fig. 12. Special transport trailer for the fuselage. 
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for six months, this being the equivalent to 30,000 
flying hours (3,000 hours per year for 10 years). These 
fatigue tests will also provide data on lifed com- 
ponents, i.e., when jack seals have to be changed, 
filter changes, etc. 

To meet the stringent requirements of the Air 
Registration Board and also our own requirements of 
30,000 flying hours, that is, 10 years’ trouble-free life, 
every effort has been made to avoid failures due to 
fatigue and corrosion. To this end each detail part 
has been carefully finished, sheet metal paris have had 
edges and holes radiused and polished, and all 
important machined parts have been made to a close 
micro-inch finish. 

To avoid scratches and surface damage to sheet 
metal, this has been protected from receipt into stores 
by the use of a specially developed lacquer which, in 
the case of external skin plating, remains on until the 
aircraft is moved to the Flight Sheds. 


electrical system test rig 
(i) De-icing System 

Simulates half of the de-icing on the aircraft plus 
the windscreen, leading edges, tailplane, etc. The 
electrical supply is provided from a 200 h.p. variable 
speed motor generator set which provides the power 
to run two 224 K.V.A. alternators. The controlled 
alternator output voltage over a speed range of 
4,000 r.p.m. - 8,000 r.p.m. (200 c/s-400 c/s) is a 
3-phase 208 volt line. 


(ii) A.C. Supplies to Aircraft 

This test rig was designed and made to iron out 
any snags on the A.C. supply system with reference 
to loading. 

Twenty-eight volts D.C. from the aircraft’s batteries 
is fed into three invertors which give out 3-phase, 
115 volt 400 c/s. If any invertor fails, the 
load can be transferred to the other two, the D.C. 
changeover being made manually and the A.C. auto- 
matically. 

The rig can simulate all loading the instruments 
and electrical auxiliary equipment are likely to meet 
and, by means of a Cambridge watt-meter, readings 
can be taken on each unit under load. Hence each 
power factor can be calculated and checked with the 
theoretical value. 


transport 

_ Transport of major aircraft components is of vital 
importance and every crate, case and _ special 
mounting has to be made to eliminate any possible 
risk of damage to skins, formers, etc. 

The Stress Department are most concerned in 
methods of transit, particularly in the use of aircraft 
structure joints as transport attachments. 

The design of the special trailer used for trans- 
porting the Argosy fuselage was commenced 12 
months prior to its initial journey. This design 
eliminates any twist on the fuselage (Fig. 12). 

Air suspension was used to ensure a safe ride and 
this latest method of suspension has proved highly 
successful. The air is stored under high pressure 
in an air bottle: this feeds a low pressure circuit 
which in turn inflates rubber bellows over the four 
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Fig. 13. Last stage of Final Assembly. 


wheels. A surge tank over each bellow replaces air 
lost during normal working. 

The other Argosy units are transported to Bitteswell 
on normal vehicles. 


inspection 

Now the units are ready for the final assembly 
line but, if we pause for a few moments, you will 
appreciate that at all stages of manufacture we have 
had to integrate inspection stages into the production 
system. Indeed, from the unit erection onwards to the 
flight stage there are upwards of 11,000 inspection 
stages on the first aircraft, excluding component 
inspection. This number will be cut down on the 
production run. 

Component interchangeability is of great impor- 
tance in aircraft manufacture; we have aimed at and 
achieved full interchangeability on units from the 
first aircraft. This covers over 270 components and I 
think it will be agreed that this is quite an achieve- 
ment itself. 

Regular Quality Control checks on all incoming 
materials are carried out in our fully approved 
Inspection Laboratories, which are well equipped to 
undertake chemical, metallurgical, and _ physical 
testing. 

To enable the airline operator to inspect concealed 
structure without the dismantling of furnishings, 
equipment, etc., our X-ray Laboratory, together with 
the Design Departments, is developing and com- 
piling a schedule of suitable X-ray techniques which 
we intend to present to the operator at the time of 
purchase. 


final assembly 

The first operation in finals is to mount the centre 
section wing on the fuselage. Attachment is made by 
means of eight links. The booms and tailplane are 


then fitted immediately. After this the aircraft grows 
in all directions, the freight doors are hung, the 
inner and outer wings, fins and rudders are fitted, 
followed by flaps, ailerons, elevators and wing tips 
(Fig. 13), 

In the meantime, engines have been mounted and 
the service connections commenced. 

A considerable amount of work in finals has to be 
carried out high above the ground. We have designed 
special staging to surround the wings, engine bays 
and tail unit. The tail unit staging is in three tiers — 
the highest of which is 25 ft. above ground level. 
Normal works services — i.e., air, electrics, benches 
and tool kits, are provided on stagings. 

The complete staging is in sections which are 
mounted on lockable castors and can be removed 
from the aircraft very quickly. To augment the 
staging we use hydraulic “ Giraffes” and “ Tower” 
equipment. 

In the Final Assembly Shops, we take the aircraft 
up to the engine run stage. 

So we arrive at the final product. I hope that I 
have been able to give you a fair picture of this major 
undertaking. It has perforce been sketchy in parts 
due to the limited time and space to deal with such a 
wide subject. 

(A film sequence illustrating the lecture was then shown.) 
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General arrangement of the Argosy aircraft. 
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MEASUREMENT AND CONTROL OF QUALITY 


HIS Paper gives a broad survey of its subject for 

one textile industry — the industry that I know 
and serve, that is mostly situated in Lancashire, that 
formerly spun yarns and wove and finished cloths 
from cotton, but that now also processes the man- 
made fibres. Most of the things I say apply to a 
considerable degree to the other textile industries that 
process from the fibre — the wool, linen, jute and silk 
industries — and some of them apply to industries 
such as the hosiery industry that starts with yarn as 
the raw material. This Paper is written largely from 
the producer’s standpoint. 


quality measurement for process control 


Many of the qualities of intermediate textile pro- 
ducts such as yarn and loom-state or unfinished cloth, 
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that require to be measured for the purposes of 
process control, are fairly simple, and their measure- 
ment presents few problems. These include the 
threads per inch in cloth, cloth width and length, 
weight per unit length in yarn (or its inverse the 
“count ”’), the rate of occurrence of yarn breaks at 
various processes, the number per piece of cloth of 
various defects, the mechanical strength of yarns and 
cloths, and the percentage of waste matter in the 
cotton. Many of these quantities are very variable 
and questions of adequate sampling and the statistical 
description of the data are involved, but well-known 
methods are applicable and the only problems that 
usually arise are the practical ones of persuading 
managements to go to the expense necessary to do 
testing on an adequate scale and of deciding what is 
the economic optimum level of testing. There are, 
however, two sets of qualities that present special 
problems on which considerable research has been 
done, and these are discussed in the following para- 
graphs. 

The first are the qualities of the cotton fibre. The 
various lots of cotton available on the market differ 
enormously in their characteristics according to the 
variety and the place and year of growth, and it is 
important that the spinner should choose a suitable 
cotton for the yarn he is to spin, be it coarse or fine 
or specially strong or specially white, and to maintain 
a uniform supply of cotton for as long as he spins 
the yarn; and all this must be done with price con- 
siderations in mind. The traditional method of 
appraising cotton fibre quality has been the subjective 
one of hand-stapling, in which the senses of the 
stapler play an important part. Expert graders gain 
considerable skill in this art, and have been (and are) 
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very successful in appraising cottons for most 
practical purposes. But the method suffers the dis- 
advantage that really comprehensive data on quality 
cannot be communicated, no records can be main- 
tained, and fully effective specifications cannot be 
laid down (although partial specifications based on 
staple length, grade and colour have been the basis 
of market transactions for years). It was one of the 
earliest tasks of textile research to develop physical 
tests of fibre quality and to relate the results of these 
tests to yarn quality, and considerable success has 
been attained. The parameters of the distribution 
of fibre length, the fibre fineness measured in milli- 
grammes per centimetre, the fibre strength and 
maturity (measured in special ways that cannot be 
described here), and the percentage of waste or trash 
give numerical measures characterising most of the 
qualities of a cotton that are of practical interest, and 
with their aid considerable improvements in cotton 
supplies and their control have been made. The only 
important quality not mentioned is colour; this can 
be measured, but not easily, and the measurement 3s 
not much used. 

Unfortunately, the practical usefulness of the fibre 
tests mentioned is limited by the fact that they are 
laborious and time-consuming, and it is not often 
practicable to test, say, each individual bale delivered 
to a mill. Hand stapling has not been superseded in 
mill practice ; it has been supplemented by the 
physical tests. 

In recent years attempts have been made to 
develop quick tests of quality, and success has been 
attained with a test which measures the resistance 
a standard plug of the cotton gives to the flow of air 
through it — a quantity that is closely related to a 
combination of fineness and maturity. This test, 
which is named “ Micronaire” after the particular 
instrument that was first used for it, is coming into 
use —- some mills make a Micronaire measurement on 
each bale of cotton— and although it is far from 
giving a complete specification of cotton quality, it 
has enabled a considerable step forward to be made 
in quality control. 

I do not know in detail the situation in the 
appraisal of the qualities of the other natural fibres, 
but in general believe it to be much the same as for 
cotton. Man-made fibres do not present the same 
problems of measurement, since they are made to 
well-controlled particulars. 

The second set of qualities on which much research 
has been done are those connected with the variation 
in mass per unit length along yarns and related 
products of the spinning mill. If measurements are 
made of the weights of consecutive, say, 4 in. speci- 
mens of yarn, the resulting series can show super- 
imposed three types of variation : 

(a) strictly periodic variations of wave-lengths 

ranging between a few inches and many yards; 


(b) somewhat irregular up and down movements 
of a quasi-periodic form with a wide range of 
average wave-lengths; and 

(c) irregular movements that can only be called 
“ random ”. 
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It is important, not only to measure variation, but to 
analyse it into its constituents because the different 
types have different causes, they can be controlled 
in different ways, and they have different effects 
when the yarn is woven or knitted into a fabric. 
Thus periodic variations are mostly caused by 
mechanical imperfections in the machinery, the wave- 
length giving a clue to the particular mechanism. 
Quasi-periodic variations are inherent in the 
“ drafting’, or process of attenuating the material, 
and are a consequence of the variation in length of 
the fibres of a given lot of cotton. Periodic variations 
are apt to build into patterns when the yarn is made 
into fabric, so that a small degree of variation of 
periodic form can be much more deleterious than a 
larger degree of quasi-periodic or random variation. 

The subject of yarn variation is too big to be 
dealt with in this Paper. I have attempted to illustrate 
the point that quality control in the spinning mill 
requires elaborate instruments and methods of 
measurement and analysis, which are now widely 
used in the textile industries. Not only are the terms 
“coefficient of variation” and “mean deviation ” 
familiar to many mill men, but so are “ amplitude ” 
and “ wave-length ”. 


quality measurement on end products 


The end products of the textile industries are 
mostly finished fabrics, and the qualities that are 
important to the user are many. A few of these are 
fairly simple and are easy to define and measure, 
and well-established tests exist. Width, length, shrink- 
age, weight per unit area and thickness are examples. 
Strength is commonly measured even though fabrics 
are seldom stressed in use to anywhere near the point 
of failure, and there are several well-established tests. 

Some qualities, as they appear to the consumer, 
are extremely complex. Resistance to wear is an 
example. A fabric becomes worn out through the 
textile material becoming abraded away, through 
fibres being teazed out of the material, and through 
fibres being weakened, by repeated flexing and by 
exposure to light or moisture or chemicals. The 
process of deterioration is slow and the mixture of 
these influences varies with the usage. Resistance to 
soiling is another example. Fabrics may be soiled in 
use by air-borne dirt, by dirt attracted by electro- 
static forces, or by contact with dry dirty surfaces, 
with moist dirt, with greasy (especially sweat-laden) 
dirt; and the measurement of soiling propensity is 
correspondingly complex. Complex, also, are such 
qualities as “ handle” (related to softness and rough- 
ness) or “ drape” (related to stiffness and weight per 
unit area) that give fabrics their aesthetic appeal. 

Some qualities are measured, or purport to be 
measured, by the measurement of some relevant 
physical property or group of properties, with the aid 
of standard physical instruments, perhaps adapted 
to the special textile purposes. Thus lustre purports to 
be described by the polar distribution of the light 
reflected from a fabric when the incident light has 
some specified direction, and permeability to air by the 
rate of flow of air through the fabric for a given 
pressure difference on the two surfaces. 
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Some qualities are measured by subjecting the 
fabric to a controlled action simulating the action 
it receives in the particular use in which the quality 
of interest manifests itself, and measuring in some 
way the performance of the fabric. For example, 
there are a number of tests for measuring resistance 
to abrasion, in which the fabric, mounted in a defined 
way, is rubbed by an abrasive surface, and the 
number of rubs necessary to make a hole is counted. 
The details of such a test are arranged according to 
the ideas of the inventor; the action is complex and 
usually the rate of deterioration of the fabric is much 
accelerated over the rate experienced in actual use. 
It would be a very rare stroke of luck if the con- 
ditions of a simulative test corresponded at all closely 
to those experienced in use. 

All tests have parameters that need to be investi- 
gated. The relative humidity of the atmosphere in 
which the test is done, for example, is an important 
parameter in most textile tests; the rate of loading 
and the size of specimen in strength tests. When the 
effects of variations in these parameters are known, 
suitable values are defined for the test, having regard 
to the stability and precision of the test results, 
practicability, and (as far as possible) the context in 
which the results are used. Sometimes, in the rush 
of industrial life, parameters have to be fixed more or 
less arbitrarily, without adequate investigation. 

When a test is defined, its accuracy is investigated, 
and variations are analysed into inter-laboratory 
variations, inter-operator variations, random varia- 
tions, and so on. It is a commonplace that measure- 
ments lose much or most of their value if the errors 
associated with them are not known. 

Investigations for establishing a test can be exten- 
sive, and if the test is to be established for wide use, 
the whole activity requires to be organised and the 
outcome given authority. Such organisation is an 
important duty that, for the textile industries, is 
undertaken by the Textile Institute, and recom- 
mendations of Textile Institute’s committees receive 
the authority given by Standards issued by the British 
Standards Institution. 

All the investigations I have mentioned establish 
the reliability of a test for measuring some physical 
or mechanical property of a fabric, or a complex of 
properties; they do nothing towards establishing the 
usefulness of the measurement for describing quality 
as it appears to the user. Thus fabric A may, in a 
particular well-established test, give a higher figure 
for resistance to abrasion than fabric B, but it does 
not follow that fabric A will give a longer service 
when worn as a shirt; sometimes in another abrasion 
test, equally valid as far as we know, fabric B gives 
the higher figure. This sort of situation points to the 
need for research to determine the practical 
significance of test results. 

The correlation of test results with experience in 
use is necessary, because very seldom is the physical 
analysis of the use complete enough to enable a test 
to be devised that is relevant in all its details. Such 
correlation constitutes a very large, expensive and 
baffling area of research, involving consumer trials, 
in which only a little progress has been made. Many 








tests are used in the unsupported belief that they 
measure something that is at least closely related to 
the quality of interest. Some are used for control and 
comparative purposes as indicators of general quality. 
For example, much of the use of mechanical strength 
arises not because of the direct importance of 
strength, but because if it is maintained or improved, 
the general excellence of the fabric is thought to be 
maintained or improved. 

Because of uncertainties in the correlation between 
test measurements and quality, quality sometimes has 
to be appraised by subjecting the fabrics to usage 
and measuring their performance. 

All this research on the measurement of quality 
of fabrics is a very large activity that has been going 
on for about 40 years. Many tests have been devised, 
investigated and established, and they are much used 
as a foundation for the control of quality. But there 
are many unsolved problems, and much remains to 
be done. Moreover, new developments in fabrics — 
notably the introduction of crease-resist, “ drip-dry ” 
and pleat-retention finishes — call for the develop- 
ment of new tests. 


the technology of quality control 

With the power to make measurements, quality 
control requires a knowledge of the technical factors 
that determine quality and of the way in which they 
do so. This is a vast subject, requiring a library of 
books rather than a section of a Paper and suitable 
for discussion by a body of textile technologists rather 
than by a general industrial conference. I give it a 
separate section in order to emphasise its crucial 
importance. 

A large part of the research that has been done 
in textiles over the past 40 years has been devoted 
to this subject. I believe that, as for quality measure- 
ment, so for the technology of quality control many, 
if not most, of the problems that arise in connection 
with process control have been solved. Progress has 
been made, too, with learning how to control the 
more complex qualities of finished fabrics, but very 
much remains to be learned. 


quality control procedures 

Quality control, to be effective, requires the 
organisation of mill procedures for making measure- 
ments systematically and securing action. Such 
procedures are, of course, an inherent part of the 
system of mass production that the textile industries 
invented about 150 years ago, and rudimentary pro- 
cedures have been in use since then. In the spinning 
mill, for example, it has been traditional for slivers 
and yarns to be tested two or three times each day 
for “ bank number” or “count ” (the inverse of the 
mass per unit length) and for the machines to be 
adjusted in order to maintain the specified value. In 
the weaving shed, a few inches of cloth at the start 
of each warp is customarily checked for the correct- 
ness of the threads per inch and the weave. And as 
weaving proceeds, each piece (of about 100 yards) is 
examined yard by yard and defects are noted and 
“ mended”. If any defect is unduly prevalent the 
matter is quickly reported to the overlooker or 
manager and corrective action is taken, either on the 
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individual loom or more widely as is appropriate. For 
example, a prevalence of “slubs” (thick pieces in 
the yarn) in all the warps of a given kind of cloth 
may result in the use of a better quality of yarn in 
future. 

In recent years, the more exacting requirements of 
customers, increasing knowledge of what qualities 
can be controlled, and the development of new 
quality measurements have given rise to more 
elaborate quality control systems. 

In a discussion of these developments it will be 
convenient to adopt the classification and language of 
the modern science of control (without pressing the 
similarity as an analogy) and deal separately with 
open-loop and closed-loop or feed-back control. 
According to the open-loop system, the processing 
conditions and particulars necessary for producing 
products of the right quality are determined and 
maintained without reference to the actual products. 
Quality is thus, so to speak, built in. The closed-loop 
system involves testing the products and if they 
deviate from the required ,uality, feeding back the 
information so that the conditions of processing can 
be corrected. 

In the textile as, I suspect, in most industries, the 
main effort has been devoted to the improvement of 
open-loop control and the tendency is to rely more 
and more on that. The technological research 
referred to in the previous section represents a sub- 
stantial part of the effort, and I would say that it has 
somewhat outpaced the development of mill pro- 
cedures for securing effective application of the 
knowledge. Application requires systems for com- 
municating clear instructions to the operating and 
supervisory staff of a mill, routines for maintaining 
the machines and processing conditions, and 
inspection and reporting procedures to ensure that 
the routines are followed. Progress in these matters is 
taking place. 

In the spinning mill, increasing emphasis is being 
laid on the blending of raw material so as to maintain 
a uniform supply and on the control of lap weights, 
which occurs early in the process, so that the later 
closed-loop contro] of yarn count becomes almost 
unnecessary. Almost every year some new feature of 
the machines is discovered as requiring inspection in 
order to maintain yarn regularity, and instruments 
are devised for this purpose. Spinning technologists 
are becoming familiar with roller eccentricity testers, 
roller slip indicators, roller vibration detectors as well 
as with the traditional speed indicators, distance 
gauges and feeler gauges. Many of the methods des- 
cribed in a recent article * by Mr. G. Newberry, of 
the Productivity Centre of the Cotton Board, who 
with his colleagues is doing much in the development 
of control procedures and introducing them into the 
industry, are ways of checking that processing con- 
ditions in spinning and related processes are right. 

In weaving, similar developments are taking place. 
For weaving the warp has to be coated with a size 
(starch is the most common basis of sizes), and the 
way in which this is done has an important effect 


* “Some Aspects of Quality Control in Cotton Textiles.” 
Applied Statistics, 8, pages 1-12, March, 1959. 
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on cloth quality as well as the efficiency of weaving. 
Sizing was once almost a pure art or mystery, it 
being left entirely to the secret recipes and personal 
skill of the sizer to produce warps satisfactorily sized. 
This system was quite common up to two or three 
decades ago, but has almost died out. Now, the sizing 
particulars are specified by the management, and the 
tendency is for these specifications to become more 
complete. Thus, the sizing ingredients and quantities 
are usually specified; in the better mills the details of 
preparation of the size and the moisture condition 
of the finished warp are also closely prescribed ; in 
sizing filament yarns, the temperatures of the drying 
cylinders and yarn tensions are controlled. 

The details of the loom set-up are also important 
for cloth quality and traditionally these were left to 
the skill of the loom overlooker, largely unaided by 
instruments of measurement. In recent years, special 
loom gauges and other instruments such as weft 
tension measurers have been devised, and with their 
aid loom setting is becoming more systematic. Some 
firms have also instituted routines for checking the 
condition of essential loom mechanisms, and research 
is showing what conditions it is important to 
maintain. 

I am less familiar with the many processes of 
finishing (bleaching, dyeing, mercerising, printing, 
raising, compressive-shrinking, crease-resisting, and so 
on) than with spinning and weaving. I understand, 
however, that for most of them the basic controls are 
open-loop, through the control of the concentrations 
of the chemicals, the temperatures, the durations of 
exposure to the various actions, and reactions, the 
roller pressures, and so on. It seems, too, that these 
controls tend to become more comprehensive and 
precise as time goes on. 

Closed-loop quality control has an essential place in 
textile processing although that place is, I would say, 
a subordinate one. (I exclude from considerations 
instances where, as part of the process, some property 
or dimension is sensed and the machine automatically 
adjusted to make a correction. Textile processing 
abounds in examples of such controls.) Even if 
quality is maintained when all the processing con- 
ditions are maintained, things occasionally go wrong, 
and inspection of the product is necessary to indicate 
when this happens. The first efforts should be towards 
preventing things from going wrong, but it is unwise 
to rely on achieving perfection in this. In most 
weaving mills, for example, it will be a long time 
before the 100°/ inspection of the fabric can be 
dispensed with. 

There are a few qualities for which the necessary 
processing conditions cannot, in the present state of 
knowledge, be specified, so that closed-loop control 
must be resorted to. Yarn count, or fineness, is one, 
and in the spinning mill the systematic testing of the 
products and corresponding adjustment of the 
machines already referred to is almost universal, 
although, as I have indicated, there is likely to be a 
trend away from this in the future. Another example 
is the quality of the raising of a fabric, which can 
only be controlled by the operator in charge 
qualitatively assessing the fabric as it is produced and 

(concluded on page 567) 
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QUALITY CAN BE SOLD 


by J. C. WALTER, M.S.A.E., A.S.M.E. 
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Chief Engineer, 


Cummins Engine Company, Ltd. 


T would indeed be astonishing if anyone were 

surprised by such a statement as this. This is the 
reason why selling quality is difficult. No one will 
admit that they intentionally make and sell an 
inferior or substandard product. No one would state 
that he did not intend to furnish materials which 
failed to meet the specifications. If this is so, why is it 
that we find in practically all engineering companies’ 
organisational charts a department entitled 
“Purchased Parts Inspection’, or some similar 
name ? Something must surely happen between the 
time the salesman obtains the specifications, and when 
the order is delivered ; which would indicate that there 
is a certain lack of co-ordination, communication, or 
something else between the entrance and the exit of 
the works. 

Here again, no one is surprised, since such things 
as machine capability, normal distribution, skill, 
chance, error, and a whole host of well-known factors, 
reasons and excuses can easily explain what happens 
within the walls and under the works’ roof. It is quite 
easy to reconcile all concerned, within and without, 
why the lot of, say, 1,000 shafts which were supposed 
to be 1.000 + .001 in. in diameter, in fact, cover 
a range from 1.002 in. to 0.998 in. Thus, when the 
customers reject those parts outside of tolerance the 
vendor’s salesman is, at first, astonished, not 
necessarily because the parts are not to specification, 
but that the customer would reject them since the 
parts are just a little bit out of tolerance. 

The course from this point can be either one of 
two possible. 

First, the customer under the pressure of his pro- 
duction requirements decides that perhaps this one 
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time the function of the part will not be too adversely 
affected if the parts out of the tolerance are used 
without rework. Thus, the barrier is broken; no 
longer will the customer’s position be as strong as it 
once was. Quality has been compromised; in spite of 
the designer’s intention the tolerance is now no longer 
+ .001 in., but is + .002 in. If this is carried out on 
a portion of the parts comprising a complicated 
mechanism and just a small, say a fraction of 1%, 
reduction is made in the reliability of each com- 
ponent, the overall reliability of the mechanism can 
be drastically reduced. 


something must be done 


Second, the rejection of the parts stands, the 
supplier takes the defective parts back and either 
makes rectification, where possible, or scraps those 
parts which cannot be reclaimed. Quality is un- 
abridged. Production pressure was not great enough 
to force the customer into using the basically unsuit- 
able parts. Since, on this occasion, production 
pressure was ineffective, the next approach is through 
cost. The pattern here is that since the supplier has 
been forced into extra labour and has lost both labour 
and material in the parts that were scrapped, he 
regrettably finds that it will be necessary to increase 
the price of the parts. Now the supplier has really 


got allies — the customer’s Purchasing Department 
can’t stand for a cost increase; the customer’s 
Accounting Department . can’t absorb the cost 


increase, and product prices will have to be raised; 
the customer’s Sales Department can’t possibly sell 
the end product if prices are raised. Something has 
got to be done. The Quality and Engineering Depart- 
ments are assaulted by massed forces. Regardless of 
whether the assault is victorious or not, the purchaser 
of the end product loses either through reduced 
reliability or increased cost. 

In the foregoing it is realised that such items as 
practical and economical design have not been men- 
tioned, since it was assumed that the part used in this 
sample was a practical and economical design with 
clear adequate drawings and specifications. If they 
had not been, then a change in tolerance would have 
had no effect on reliability and the design was un- 
economical for the intended purpose. 

Fven vet, few, if any, are surprised, since, so far 
nothing has been said which most people, associated 
with engineering industries, have not encountered 
frequently. The fact that few are surprised is what 
makes this aspect of quality a difficult one to put 
across. That is, quality can be sold. 

To reiterate, look at the foregoing case and set it 
down in the simplest details. 


First, using drawings and specifications covering a 
particular part, a manufacturer quoted a price. 


Second, using the same drawings the parts were 
manufactured, but, due to controllable or un- 
controllable factors, all the parts didn’t come out 
according to this drawing. 


Third, using this same drawing the customer 
rejected the parts. Subsequently, he either used 
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them or paid a higher price for parts according 
to the drawing. 


What went wrong ? 


The answer is simple. Who should know more 
about the capability of your machine tools and 
processes than the Quality Control Department ? If 
your answer is the works manager, the shop 
superintendent, or the foreman, then you’re probably 
either confusing total output with acceptable output, 
or you don’t really have a Quality Control Depart- 
ment. 


No one thought of Quality Control until a crisis 
arose, then the thoughts were somewhat dark. They 
were delaying production or raising costs and prices. 


It is quite probable that if the quotation on the 
part referred to earlier had been presented to 
Quality Control before it was submitted to the 
customer, you would have been told that the old 
lathe you’re planning to run those parts on couldn’t 
begin to hold the specified tolerance. But no one 
thought to ask Quality Control before the crisis 
occurred, but now that trouble is at hand someone 
asks them and is most surprised to find that Quality 
Control isn’t; they knew it all the time and they 
actually had rejected the parts. However, production 
schedules and costs overruled them. So now you are 
in a fix. Your own Quality Department is in the 
enemy’s camp. What to do now ? Since they, your 
Quality Department, cannot help you out of the 
dilemma, so by all means you must keep them away 
from the customer. 


liaison with Quality Control 


Now the root of the problem has been uncovered - 
absence of Quality Control liaison. 


You must get your Quality Department in the 
picture at the start and keep them there. Bringing 
the Quality Department into the picture does not 
mean sending them copies of letters from irate 
customers, or merely circulating the Service Depart- 
ment’s statistics to them. This just puts them on the 
defensive, since the Engineering, Manufacturing, 
Sales, and Service Departments and management, in 
general, use these paper missiles to shift the 
responsibility upon someone else and rationalise that 
everything wouldn’t be in this mess if the Quality 
Department had done its job. Memories are short; 
no one remembers when the customer was demanding 
the parts and the Sales and Manufacturing Depart- 
ments were applying pressure on Quality Control to 
release the urgent parts, even though they might not 
be quite like the drawing or specifications. 


It has been stated that Quality Control liaison was 
absent. If so, how do we get it ? 


What is proposed is a system which, although not a 
complete cure-all, will go a long way to raise the 
general level of quality with the result that customer 
relations, sales and profits should also improve. The 
degree of improvement, of course, depends upon how 
low your present quality is. 
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This system is basically the same whether you are 
engaged in either supplying material made to the 
customer’s design or making a complete mechanism 
of your own design; however, to avoid the possibility 
of any confusion the two cases will be treated 
separately. 

First, where material to the customer’s design is 
supplied : 


general appraisal 


Your salesman calls upon the concern and makes 
an appraisal of the potential customer not only to 
determine the ability of the customer to pay his 
invoices but to see where the part is used, how it is 
used, what the customer expects it to do, what are the 
names of the managers of Quality Control and 
Assembly, in addition to the personnel in Purchasing 
and Engineering. With the drawings and specifica- 
tions the salesman returns to his works, and Manu- 
facturing, Sales, and Quality Control determine if it 
is possible to make the parts completely as the 
customer wants them. If this determination results 
in a bid which is accepted, then the next step is to get 
your Quality Control Manager or his deputy to the 
customer’s plant and have him discuss the part with 
his equivalent. This little trip will be used to check 
the parts, what dimensions have given trouble in the 
past, what procedures are to be followed if you do 
produce parts out of specification, and what is 
probably the most important, it initiates a working 
relationship that can be to your mutual advantage. 

Now you are set; your Quality Department knows 
the customer and what is expected. You can procure 
the necessary gauges and checking fixtures at the 
same time that production tooling is purchased. 

The first pieces come through the line and are 
checked, passed, and shipped to the customer; how- 
ever, before the parts are shipped your Quality 
Manager either telephones or writes to his opposite 
at the customer’s plant and tells him that the parts 
have been checked and are believed to meet the 
requirements, and would he please advise if he finds 
otherwise. On most precision parts it would be rare, 
indeed, if the customer didn’t find something out of 
specification. This does not mean that all the pre- 
ceding efforts are lost; it means that the inevitable 
difference is now easily resolved since both the 
supplier and customer have thoroughly checked the 
parts and suitable records are at hand so that a calm 
discussion of the differences, lasting only a short time, 
can straighten things out. 

Your Quality Department man is now in the 
picture and you are assured that as long as he is kept 
in the picture and not overruled for production 
expediency, you should have little trouble with 
customer relations. 

Before leaving this phase of Quality Control liaison, 
there are several “don’ts” that should be impressed 
upon all your personnel who come into contact with 
the customer. 

These are :- 

1. don’t tell the customer: “We make a similar 

part for another manufacturer and he certainly 


doesn’t ask that the parts be held to .001 in. 
tolerance on that diameter ”. 

2. don’t tell the customer : ‘We saw that tolerance 
but didn’t think it was necessary that it be held 
that close”. 

Comments such as these make no friends; if these 
are your thoughts, rephrase them into suggestions and 
urge them on with a price reduction. 

Second, when a complete mechanism of your own 
design is supplied : 

The preliminary calls by your salesmen are pretty 
much like that described above, only here your 
salesman knows more of the product he’s selling, so 
he can see better how it is going to work in its 
intended environment. Since very little inspection is 
given to this type of product, it is probably not 
worthwhile to have a predelivery meeting between 
Quality Managers. However, with the delivery of the 
first units your Quality Manager should call upon the 
customer, preferably with the salesman, and see what 
quality shortcomings the customer has found. He 
should not content himself with talking to the 
Purchasing and Engineering Department, but should 
get out on the assembly floor and talk to the foreman 
and the fitters. If this latter is done, you’ll be surprised 
to find how many little items have come adrift; 
items that can make the work people hate the 
sight of your product and eventually create enough 
pressure that the “top blows off”, and you may find 
it is not easy to put back in place. 

In summary, if you get your Quality Control 
personnel away from their benches and get them 
working with your Sales and Production personnel, 
you'll find that quality can be sold, and for a respect- 
able profit. 
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adjusting the machine according to his judgment. 
Research is likely to change this situation for raising. 

Most closed-loop controls of quality in textile 
processing seem to be long-term in their effects, 
operating over days or weeks rather than hours or 
minutes. The things that go wrong do so only 
occasionally, and adjustments, when made, are good 
for a long time. This is largely a consequence of the 
effectiveness of the open-loop controls. 

Many of the tests on the finished fabric referred to 
in the previous section, serve in systems of control 
that have very long-term effects — so long-term that 
they are not usually regarded as belonging to control 
systems. They are used in research to determine what 
processing conditions are necessary for the required 
quality, and in the development of new products. 


conclusion 


Few, if any, British textiles can compete in the 
world markets on score of price. Quality and 
excellence in design are the main competitive 
advantages. Efficiency of the utilisation of raw 
materials, manpower and capital receive unremitting 
attention from technologists, but no subject receives 
more attention than does quality. 
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ing assembly represents a logical exten- 
sion to the more-and-more automatic production 
of components. The latter has been developing ever 
since production engineering started and, as is well 
known, has now reached an advanced stage. 

Automatic assembly represents a definite change 
of conception. Something new has entered our field 
of vision; something which is an economic necessity. 

Although much has been done to improve the 
efficiency of manual assembly on flow lines by the 
use of work study, the basic reliance has been on 
the human faculties. For all its apparent short- 
comings, the human frame and intellect is an 
apparatus beyond imitation. The production 
engineers’ problem is how to replace it. 

A different set of production engineering principles 
will have to be formulated to cover our needs. We have 
not got much experience to guide us; so, when this 
Paper has been presented and considered, it is hoped 
that discussion will widen our understanding of the 
problems. 

Although this Paper is primarily concerned with 
the quality aspects of automatic assembly, the subject 
is deemed to be of such importance that a liberal 
interpretation will be put on the title, and quality 
in its very widest conception will be considered. 


the problem 


When large capital expenditure has been made to 
set up an automatic assembly line, the prime concern 
is to make the line pay for itself and to do so as quickly 
as possible. This implies that its working efficiency 
must be high. Stoppages will inevitably occur due to 
breakdown ; but, if the production engineer has 
designed his machine effectively, a much more likely 
cause of down-time will be the geometrical variation 
in components. 
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Under more conventional assembly methods, the 
quality consideration of components was one of 
functional quality. Automatic assembly demands that, 
in addition to functional quality, there must be a 
quality in terms of uniformity. 

Consider the case of a slotted cheese-head screw 
driven in quintuplicate into a fuse-base (Fig. 1). 
When this product was made by hand assembly, 
the only quality characteristics were :- 


1. the presence of an adequate driving slot ; 
2. correct thread form and length. 


The operative could be relied on certainly to deal 
with 1 and, if conscientious, 2 also. Bad screws 
would be placed aside. The machine assembling 
automatically makes no discrimination. Suppose, for 
instance, that five screws are being driven simultane- 
ously every seven seconds and that the screws are 
99.5°/, good. How often will the machine stop because 
of faulty screws? About every 40th assembly, which 
is about every five minutes. If the screws are only 
99°/, good, this stoppage rate is doubled. 


The implications are not yet fully worked out 
because we now have to look at what we mean by 
99.5°/, good. We cannot simply confine ourselves to 
the characteristics 1 and 2 mentioned before ; 
other vital properties creep in. These are :- 


1. diameter and thickness of head variations: 
2. milling burr at the end of the screw slot. 


Experience quickly showed that a_ simple 
component like a screw has to be controlled in all 
dimensional respects whereas previously, a practical, 
working, commercial inspection interpretation would 
have tolerated all but thread variations. With auto- 
matic feeding of components, slide rails and locations 
demand uniformity of component, if jams are to be 
avoided. 


How can such a situation be tackled? 
Possibilities are :- 


1. design the equipment to take the sort of minor 
faults liable to occur in production; 

2. institute a detailed human inspection of com- 
ponents; 

3. buy an automatic inspection machine to sort 
out the good from the bad; 

4. refine the production process. 


It is worth examining each of these in detail, 
because interesting points emerge :- 


taking (1) 


It is felt that production engineers can be fooled 
by lines on paper. If there has been sufficient co- 
operation between those responsible for drawing the 
screw and those responsible for making it, then the 
drawing dimensions will be such as to enable the 
production process to produce, in general, perfect 
components as defined by the drawing. Although 
this should be the case, it is very often not. The 
producer will want all the tolerance he can get and 








Fig. 1. 


the designer will be afraid of jeopardising the func- 
tional requirements of his design by giving too much. 
Or it might well be that the producer is ignorant 
of capabilities of the process being employed and 
never gets himself into a position even to request a 
revision of dimensions. And, more than likely, some 
inspector will have exercised discretion somewhere 
along the line. These factors are not going to make 
for successful automatic assembly. 


Pefore automatic assembly machines can be built 
with more than a sporting chance of working, com- 
ponent accuracy and variability must be studied in 
great detail. It is conceivable that where there is no 
previous information to guide the machine designer, 
components will have to be produced before the 
dimensions of the assembly machine can be fixed. 
That is rather extreme action, but it is perfect in 
conception. Statistical techniques can be used to great 
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advantage here and they will no longer have to be 
considered solely as in the quality engineer’s province. 


taking (2) 


To the uninitiated, this looks a simple solution. 
There are snags, though. In the first place, there is 
no such thing as 100% human inspection. Some 
people cling to the belief that there is; but any 
practising inspection supervisor will know that there 
is not. Human minds wander from the task in hand, 
particularly if it is a monotonous one, and judgments 
vary. And are the direct labour savings of automatic 
assembly going to be dissipated because of increased 
inspection costs? That would be false economy 
indeed. On the grounds stated, production engineers 
are advised to forget human _ inspection - cum - 
sorting activities in the context of automatic assembly. 


taking (3) 

On what grounds can the expense of automatic 
inspection of components be justified? If the cost of 
loss of output through down-time is considered, then 
the value of the machine can easily be assessed. With- 
out any feed-back to the production process, this type 
of automatic inspection is simply sorting and does 
nothing to improve the quality of production, which, 
after all, should be the basic aim. Machine control 
of the component production is the answer. If, how- 
ever, this is ruled out on economic grounds, it might 
be that component production could best be carried 
out against a background of statistical quality control. 
Here there is a known risk of bad work going forward 
and, as discussed in the case of the screws, it might 
pay to do automatic sorting. The risks of sampling 
can be reduced but never eliminated. But a properly 
run sampling scheme is more reliable than so-called 
100°/, inspection. 


taking (4) 

This is really self-evident, but there is the possi- 
bility that fresh capital will have to be spent if the 
present production process is really doing all that 
can be expected of it—and all too often it is not. The 
sort of thing in mind, to return to the case of screws, 
is that a headed screw will be subject to much less 
variation than a turned screw in its head form and 
will be safer as an automatic assembly component. 


the solution 


After all this discussion of principle, it might be 
interesting to turn to practice. 

In the case of the almost automatic assembly of 
the fuse-base, many of the points raised were appre- 
ciated in advance, but many were not. Others have 
been modified in the light of experience. 

In the first place, an automatic inspection machine 
failed to come up to expectations. It suffered as 
many stoppages as the assembly machine and did 
not differentiate accurately between good and bad 
screws. Since production was urgently required other 
means had to be tried. The drawing had been pre- 
viously vetted for practicability, so the makers of 
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the screws were approached and the problem was 
explained to them in detail. They saw the force of the 
argument and agreed to tackle the problem of 
achieving greater uniformity in production. At the 
same time, the acceptance sampling scheme was made 
more stringent and the quality key-points were care- 
fully explained to the inspectors accepting the com- 
ponents. Also, the quality supervision on the assembly 
ensured that the shop-floor inspection had a firm 
grasp of what was involved. As a result of this all- 
round effort, uniformity became greater and what 
seemed a desperate situation improved quickly to the 
point where stoppages became tolerably infrequent. 


What went for the screws, went also for the fuses. 
Overall length had to be controlled and so had the 
diameter of the end-caps. Also, bits of broken glass 
had to be got rid of. The solution to this latter 
problem was simple and effective -— riddling. 


All components in the assembly were critically 
treated in a similar fashion and now the automatic 
assembly is a satisfactory working proposition. 


Although this assembly is a fairly simple one with 
symmetrical components, it has served as an illustra- 
tion. Just what the implications of more complicated 
assemblies with unsymmetrical components are, the 
future will reveal. Doubtless, production engineers 
will strive to do more and more in this field. Down- 
time will be their bogey. 


checking the automatic assembly process 


Up to now, uniformity of components has been the 
main theme; but there is another aspect to be con- 
sidered. The correct number of components has to be 
present in the assembly. 


Take for instance, the following case :- 


The end-cover assembly shown (Fig. 2) has to 
contain a lubricated sintered thrust pad to take the 
end-thrust of an armature shaft in a screen wiper 
motor. Omission of the pad will not prevent the unit 
passing a final test; but it will seriously shorten the 
life of the wiper in service. If more than one pad 
is fed, adjustment of the end-clearance of the arma- 
ture shaft cannot be made, the flow of the process is 
hindered and the cost of rectification is incurred. The 
solution is a simple one. At a spare station on the 
assembly roundabout a probe enters the hole which 
has the thrust pad in the bottom. If the probe pene- 
trates too far it means there is no pad; if it penetrates 
insufficiently there is more than one pad. In either 
case, the signal stops the machine. This is the sort 
of simple and effective type of control which forms 
a basis for successful automatic assembly. 


The testing of the finished product must be incor- 
porated into the process. Still considering screen 
wipers: as an overall check of the efficiency of the 
assembly, each motor is subjected to a torque test. 
The chuck which receives the driving pin is detach- 
able and can be changed to suit the throw of each 
type of crank. Variations in throw have to be catered 
for because of varying angles of wipe on windscreens. 
It is possible to get the wrong component delivered to 
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the assembly line and make a wiper of the wrong 
wiping angle. If the crank throw is wrong, the crank- 
pin will not engage in the chuck. The torque test 
cannot proceed and the assembly process stops. It is 
hoped that this affords another simple example of 
ensuring effective quality of assembly. 


product design aspects 


Obviously, the functional requirements of the 
product are paramount; but more.and more attention 
will have to be directed towards design which permits 
of easy automatic assembly. It is suggested that 
centres of gravity of components will have to be 
considered, whereas formerly they were of no con- 
sequence. Under gravity feed, the way things fall is 
important. Good location faces will have to be 
provided as datum surfaces and shapes, in general, 
will become more important. Conventional ideas will 
have to be abandoned. For instance, the slotted screw 
head seems out of context in automatic assembly. 
The slot has to be reasonably central for one thing. 
It seems out of place that the hand screwdriver 
should still dominate our thinking. The recessed head 
screw, or even one with a convex form, seems more 
appropriate, enabling the drive to be taken up over a 
wider range of engagement. 


If large expenditure is to be incurred in setting 
up automatic assembly, there has to be stability of 
design. Modifications cannot be contemplated lightly. 
Design development will tend to move in larger steps 
than formerly. Ideas will have to be stored and incor- 
porated several at a time. Apart from stability of 
design, the adequacy of design is more important 
the more we become committed to the method of 
production. 


There will have to be more and more co-operation 
between the product designer and the production 
engineer. It might be that, in future, the product 
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designer will stipulate the physics of the design, e.g., 
for electrical apparatus, air gaps, windings, etc., and 
that detailing will be handled by some branch of 
the production engineering department with final 
approval by the product designer. It is too much to 
expect that all the experience which modern 
engineering demands can be found in individuals. 


conclusion 


Automatic assembly presents a challenge to all 
concerned in production. The problems it raises are 
intriguing ones. It is hoped, even though the writer 
has had no vast experience in this direction, that 
the foregoing remarks will be useful to those just 
meeting the problems. Solutions to them will be 
found more quickly if the spirit of adventure and 
co-operation is stimulated. No person or department 
has any right to consider that the problems are some- 
one else’s concern. 


This Paper presents my own views and not 
necessarily those of my firm. 
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HE value of an article is determined by the 

excellence of its material and workmanship, and 
the service it gives in use, relative to similar articles 
and to cost. Good value demands a high standard 
of materials, design and manufacturing. Good design 
is appropriate design and the customer’s taste and 
requirements must be satisfied. It is clear that no 
industry can be the final judge of its products, for its 
customers apply their own criteria. The points of 
contact between itself and the people it ultimately 
supplies, therefore, assume importance because from 
these points it learns of the reactions to its products 
and so can make improvements and plan for fresh 
needs. 

Among these points of contact the most direct 1s 
the point of selling, for here the goods are handled 
and personal contacts are established. 

The clothing retailer must carefully study the 
buying habits and taste of the public, because his 
operations depend upon good merchandising. He 
must offer for sale the right goods at the right time 
in suitable quantities. If more people are wearing 
skirts and blouses than dresses, or if hem-lines or 
waist-lines or the cut of men’s shirt collars change, 
due allowance must be made. Colours and print 
designs must acknowledge changing fashion and be 
offered in correct quantity proportions. If the 
demand is for crisp, fresh cloths, it is useless to pro- 
vide soft, silky fabrics. 

With large scale retail operations, efficient mer- 
chandising is assisted if normal garment wholesale 
facilities are supplemented by close collaboration with 
the whole sequence of textile manufacturing, from the 
fibre producer to the clothing manufacturer. This 
Paper discusses the ways in which the retailer may 
work with the industry to create improved standards 
of value and to satisfy the needs of the public. 








the influence of the structure of the 
textile industry 


Important sections of the textile industry are 
organised on a horizontal basis. The spinner purchases 
raw fibre and sells the yarn he spins from it. This 
may next be processed by the doubler and, in either 
event, it is purchased by the weaver or knitter. Con- 
tinuous filament yarn is sold direct to the weaver or 
knitter by the fibre manufacturer. Interposed in the 
sequence, either spinner or weaver/knitter may have 
the yarn bleached and processed and dyed by a 
commission yarn dyer. After weaving, the grey cloth 
is purchased by a converter who has it commission- 
bleached, dyed or printed, and finished before selling 
it to a garment manufacturer who supplies garments 
to the wholesale trade, whence they pass to the 
retailer and the public. 

Of course, there are units within the industry 
which combine some or all of these steps into single, 
vertically organised, groupings. We have the weaver 
who is also a yarn dyer and the printer who also 
weaves and converts finished cloth. In the knitwear 
section, the yarn is very often knitted directly into 
garments, omitting the intermediate piece-goods step. 
Nevertheless, a vertical organisation may operate 
through a series of departments which are sufficiently 
independent that the overall effect is of a horizontally 
organised section. 

While some spinners have interests in the cultiva- 
tion of the natural fibres and one man-made fibre 
manufacturer operates directly in every stage of 
manufacture, we usually find the fibre producer 
standing outside the organisation of the rest of the 
industry, whether he produces natural fibre or manu- 
factures synthetics. This is not surprising because the 
natural fibres are mainly imported and the produc 
tion of synthetic fibre, requiring enormous capital 
outlay and extreme chemical technical skill, is under- 
taken by the larger chemical industrial units. 


important factors 


To this highly complicated and fragmented 
structure, we must add the fact that no two levels 
exchange materials with that kind of specification 
the engineering industry would expect at the most 
primitive level. The spinner selects fibre and spins 
yarn to his own standards. The weaver selects yarn 
which will give the highest efficiency from his looms, 
and sizes his warps to the same end. This is excellent, 
but it is little consolation to the dyer if he cannot 
remove the size and to the raiser if the yarns are too 
highly twisted to respond to his processes. Quite 
apart from lowering potential quality, other impor- 
tant factors become involved. At every stage wasteful 
allowances are made for non-ideal raw material and 
unpredictable variations, leading to compromises of 
fabric construction and adjustments of standard pro- 
cess procedures with resultant loss of efficiency and 
additions to costings. The inevitable production of 
some sub-standard batches, which must be disposed 
of at uneconomic prices, must also be reflected in 
overall costings. 

How, then, does the industry produce such a range 
of excellent fabrics? With many _ traditional 


materials, various levels of the industry are 
accustomed to the requirements of the rest. Others 
are standard, and variety is obtained by decoration in 
dyeing and printing. Interesting new fabrics are pro- 
duced by converters who are also weavers and who 
combine their technical ability with imagination and 
a knowledge of fashion. The synthetic fibre manu- 
facturers establish, and equip with pilot plant, 
product development sections which make contact 
with all levels of the industry both to stimulate 
development and to ensure that, as far as possible, 
fabrics composed of their products are not offered to 
the public unless tested for serviceability. But the 
comment of weavers and fabric designers that samples 
often do not fulfil their expectations after finishing, 
suggests that, with new developments, insufficient 
collaboration can lead to serious problems. 


the basis of collaboration within the industry 


The large clothing retailer, annually supplying the 
public with millions of garments, must necessarily 
have a very special relationship with the clothing 
manufacturing industry to ensure the correct volume 
and timing of production. Errors and breakdowns can 
have serious consequences. The correct flow of 
garment supplies entails a similar flow of cloth and 
to achieve the highest efficiency and flexibility, 
clothing manufacturers, converters and the retailer 
must come together to rationalise and plan 
production. 

Collaboration in production planning leads 
logically to other activities of great mutual advantage. 

First among these, the retailer, by reason of his 
close contact with the public, is able to determine 
whether individual lines are proving satisfactory in 
performance. If there are complaints which can be 
identified in terms of specific fabric properties, such 
as wear resistance, colour fastness or seam strength, 
action can be taken direct with the cloth suppliers 
to improve quality in the appropriate respects. 

It also becomes possible to rationalise production 
over a number of converters by standardising certain 
cloths proven in garment form. Apart from safe- 
guarding supplies against local breakdowns and 
avoiding simultaneous surpluses and shortages through 
imperfect forecasting, this standardisation is the key 
to a much wider utilisation of that most valuable aid 
to the creation of improved value, the modern mass 
production technique. Not only can one common 
cloth be used to manufacture a whole group of 
products, but one yarn or one warp can be the basis 
of a number of such cloths. Immediately a large 
variety of merchandise becomes accessible to the 
most searching development and quality control 
effort, impossible without rationalisation. 

For example, we have a cotton poplin, woven with 
a long staple combed warp, mercerised, vat dyed and 
mechanically shrunk to prevent washing shrinkage, as 
a standard material for men’s pyjamas. The same 
cloth is produced by several converters, using their 
own weaving capacity or a restricted number of 
weavers specialising in poplins. The grey cloth, from 
all converters, is processed at one or two dyers only. 
Consequently with standard grey cloth, standard 
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colours and standard finish, the dyers can organise 
their work to handle long runs of a single quality; 
production can therefore be maintained if deliveries 
from one converter are interrupted, by taking grey 
from another. The advantages in quality control to 
weaver, dyer, converter and customer, through 
obtaining consistency of colour and finish are 
obvious. So, too, are the advantages in maintaining 
the cloth flow to the garment manufacturer. 

The same combed cotton warp, with a different 
weft, is a basic shirting fabric. A normal poplin shirt 
is made from cloth with a mercerised and fully 
shrunk finish, while the application of a permanent 
resin finish gives cloth for a minimum iron shirt. 
The same cloth can also be used for some items of 
children’s wear. 

Again, from the same warp with less picks of a 
heavier weft is woven a cloth of the sailcloth type, 
useful for teenage and ladies’ casual summer wear. 

The utilisation of one warp for so many basic 
cloths, which lend themselves to such varied applica- 
tion, gives great advantages in making production 
more efficient and more flexible. 

Collaboration in production planning reaching 
back as far even as the fibre supplier, provides the 
retailer and the entire textile industry with an 
opportunity to supply the public with improved 
values. 


fundamental requirements for complete 
specification 


If full advantage is to be taken of a combined 
effort within the industry, specifications should be 
established at all levels to form a common language 
between manufacturing stages and a guarantee of 
quality to the consumer. 

To begin with, value presupposes the elimination 
of all waste. Retailers must tell the industry the con- 
ditions fabrics have to fulfil if garments made from 
them are to give satisfactory service in use. Then can 
spinners and weavers agree standards of yarn even- 
ness and strength to avoid inefficient production 
through breakages in both sections ? Need cloth be 
over-constructed to safeguard against wide process 
variations in finishing making some pieces too weak 
to be used after crease-resist treatment? Can garment 
manufacturers be protected against deliveries of 
cloth in unreasonably short lengths and with excessive 
numbers of fabric faults, causing wastage in cutting 
and the rejection of finished garments ? 

We have already noted that the use of detailed 
specifications is not widespread in the textile industry. 
There are reasons for this and perhaps the most 
important is the difficulty of describing textile 
materials in precise, scientific language. Natural 
products are particularly difficult to specify. Cotton 
fibres from the same boll vary in length and thickness, 
and the quality of an entire crop depends upon the 
variations of local seasonal weather. Aided by 
tradition and experience, the cotton buyer judges by 
hand and eye the suitability of individual bales for 
spinning different yarn counts and qualities. Science 
has added the staple diagram, the Micronaire and 
the fibre bundle strength tests to his routines, but we 
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still rely to a high degree upon intuition. Precise 
specifications cannot be written in these terms. 

The same situation exists with wool where quality 
depends not only upon the animal, its breed and 
conditions of life, but also upon the part of the fleece 
from which the fibre is taken. Scientifically-determined 
fibre diameter measurements are a partial guide, 
chemical tests are of limited use; the experienced 
Bradford wool sorter remains the most reliable judge 
of quality. 

The man-made and synthetic fibres offer greater 
regularity in thickness, staple length, crimp and other 
properties, simply determined by controlled manu- 
facturing methods. But when we come to other 
properties which the chemist cannot so easily control, 
like the size distribution among polymeric molecules, 
variations in the degree of order of the inter- 
molecular structure, skin effects and the presence of 
impurities, we are in no better position than we were 
with the natural fibres. Everyone concerned with 
dyeing has experienced the havoc that can be caused 
in piece dyeing by either immature cotton or variable 
viscose or nylon fibre. 

If we understand the fibres so little, how can we 
claim to understand and specify cloths? Given perfect 
yarn, grey cloth can be varied by the minor 
idiosyncracies of a loom. What scientific tests can 
readily demonstrate uneven yarn tensions in the grey 
or detect that warp yarns have been bruised ? Very 
little is still known about the mechanism of resin 
polymerisation in the varied resin finishing treatments 
which we now find indispensable. How can we 
specify the amount, condition and distribution of 
resin in fibres whose structure we do not know, even 
before they have been extensively modified in 
scouring, bleaching, mercerising and _ dyeing 
processes ? 

Our ignorance in the face of such complexity 
largely explains the scarcity of specifications in the 
textile industry, but can it excuse an attitude which 
declares textile production to be an art, incapable of 
responding to the scientific approach ? Improvements 
can only be achieved by constant effort in all fields of 
study and action. 


quality control in vending 


If we cannot write complete specifications for 
cloths, we can at least recognise better and worse in 
garment form. We can, therefore, get practical 
standards in terms of certain qualities and properties. 

The prerequisites are a personal ability to dis- 
criminate between good and bad in appearance, 
texture and general quality, a close contact with 
the public to discover what happens after a purchase 
is made, and the use of a laboratory to make com- 
parisons between cloths. 

The ability to judge between one cloth and 
another in general terms is the fruit of experience, 
taste and a knowledge of practical standards. How 
can one express in words what makes one cloth feel 
thin, another look cheap and a third, ideal for some 
particular purpose ? The perfect piece of cloth has 
not yet been woven, and only experience can deter- 
mine if a particular length represents a high standard 
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of workmanship. Nevertheless, in all matters where 
subjective evaluations must be made, it is of the 
highest importance to have the closest of contacts 
with the customers whose taste and requirements are 
ultimately to be satisfied. The ivory tower has no 
place in retailing or in manufacturing. 

Likewise, the comments and appreciation of 
customers are a foundation upon which the laboratory 
constructs its scheme of testing and performance 
standards. Its work is further assisted if customers 
are encouraged to return, with comments, articles in 
which they have been disappointed. These articles 
indicate potential weaknesses which may not have 
been detected by existing tests. 

The laboratory seeks to relate the results of mech- 
anical and chemical tests to the performance of 
garments in wear, having a repertoire of well- 
established tests and devising new tests to meet new 
situations. The emphasis is on speed and simplicity, 
both of test procedures and of development. At this 
level of working, research into the nature of materials 
and the mechanism of changes which they undergo 
is out of place, but full advantage should be taken of 
the work published by Universities and Research 
Foundations to interpret test results as fully as 
possible. Connecting links between apparently un- 
connected phenomena should always be sought, 
because they can suggest valuable new approaches in 
interpretation and development. The promotion of 
work from the purely empirical level to one at which 
accurate predictions can be reasoned, invariably leads 
to greater effectiveness and efficiency. 


developing test techniques 


With any new investigation, the laboratory always 
prefers to obtain a range of samples extending from 
excellent to highly unsatisfactory, new and worn, to 
breakdown. By trying different tests it is possible to 
find one which relates to the damage and this can be 
verified by quantitative comparisons with further 
samples. Unfortunately, it is usually necessary to 
develop a test technique before so many conveniently 
graded samples are to hand and the laboratory 
scientist must apply insight and experience in his 
investigations. It is clearly of great advantage if he 
can have close contact with the public, and a know- 
ledge of the history and nature of the materials he 
receives. 


A procedure which began by seeking to eliminate 
faulty merchandise from traditionally accepted 
ranges, has formulated a series of minimum per- 
formance standards as criteria and has created a 
powerful instrument for development. Completely 
new materials can be simply evaluated, although great 
care is needed in interpreting the results of the same 
test made upon different materials intended for 
different purposes. This approach helps to eliminate 
the need to elaborate wearer trials which are often 
slow to complete, difficult to evaluate, expensive and 
indecisive. Valuable additional information can be 
obtained by wearing trial garments oneself. 

Experience in this field makes one thing out- 
standingly clear — from the standpoint of 


performance in wear, it is not possible to classify 
a cloth as good or bad without reference to the 
particular garment made up from it. A rayon, 
perfectly satisfactory for a dress, may be quite unsuit- 
able for a casual shirt. Another, which gives excellent 
service in a shirt with one collar interlining, may 
break down and fray quickly with another interlining. 
This consideration forms an argument against any 
system of applying minimum performance require- 
ments to cloth in general, regardless of final usage. 
Of course, such requirements could be made reason- 
ably safe by setting them very high, but this would 
be uneconomic and dangerous exceptions could still 
be found. 


buying to established standards 


Having established fabric minimum performance 
requirements which he is confident will ensure 
customer satisfaction in his goods, the retailer is faced 
with the problem of buying to these standards. The 
most direct way of doing this at the present time is by 
collaborating with all sections of the textile industry. 


It is interesting to observe the manner of operation 
by considering an actual development. The cloth is 
Quality 2424, standard finish 1028 Crease Resist. 
Appendix I shows the minimum performance re- 
quirements for the cloth in this finish and Appendix 
II, the colour fastness requirements for this and 
similar qualities. The test requirements are related 
to the finish because the same basic cloth may be 
used in alternative finishes for different purposes 
requiring different performance characteristics. 


The demand for easy-to-wear, easy-to-care-for 
garments originating with nylon and the synthetics 
and fostered by drip-dry cottons, created the need 
for a new viscose rayon sports shirt fabric. The 
garments were required to look attractive, handle 
well, to need no laborious ironing and to withstand 
heavy wear and washing, because past experience 
suggested that customers might wear them for work. 
Colours had to be completely fast to the washing 
treatments customarily given to spun _ viscose 
garments. 


Compared with existing plain-dyed and crease- 
resisted spun viscose fabrics, the main feature to be 
introduced was a modified resin finish which could 
reduce the resistance of the cloth to abrasion. First 
discussions were therefore held with the finisher, who 
was able to contribute information about the effects 
of this kind of resin treatment on different types of 
fabric construction. With a possible construction type 
in mind, the weaver was approached and several trial 
fabrics were produced and delivered in the loom 
state to the finisher. With cloth available, he was able 
to determine the details of the resin process and dye 
and finish the samples. These were submitted to full 
laboratory test and garments were styled. The whole 
cloth development operation was conducted in 
collaboration with the converter, who finally sub- 
mitted sample lengths with the prices which would 
later be charged for bulk deliveries. The garments 
were styled and quoted for by a garment manu- 
facturer who added his comments on the fabric. 
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From the garments and the laboratory test results, 
the construction for the new standard fabric was 
selected; the quotations received satisfied the buyer 
that the garments would fall into the correct price 
structure. 

It should be pointed out that allowances must be 
made at this stage for certain deficiencies which may 
be present in the sample lengths. The production of 
short lengths is dithcult on plant designed for large 
scale continuous production, and it is the responsi- 
bility of the person supervising the development to 
know what modifications can later be made in bulk 
working without too much difficulty. For example, 
handle can be adjusted, washing shrinkage reduced 
and liability to yarn damage during sewing 
eliminated. For this reason he must have a good 
working knowledge of the potentialities of materials 
and processes. 


collaboration on specification 


Once the fabric has been selected, the full mini- 
mum performance specification can be drawn up on 
the basis of known requirements for the garment in 
question, and the laboratory test results on the 
sample. This is worked out in agreement with the 
converter and other production units. Collaboration 
in formulating the specification is important because 
it should not only allow a margin of safety for the 
consumer, but it should also represent standards 
which can realistically be expected from bulk 
production. 

As soon as possible after selection, a trial booking 
is placed to establish the new quality under bulk 
conditions, to allow adjustments to be made if re- 
quired and to produce a range of dyed colours for 
later selection. If heavy yardage requirements are 
foreseen, it may be necessary to have the cloth pro- 
duced through further converters and by different 
weavers and finishers. These further developments are 
simpler because the quality and _ preliminary 
specifications are already established. 

In due course, full scale orders are placed and the 
specifications are distributed to all converters and 
finishers undertaking production. Details of the 
laboratory test methods used to determine the stan- 
dards are also distributed, for test results usually 
depend upon the details of the test procedures 
employed. A specimen method is shown in Appendix 
III. As it is not possible to describe handle, 
appearance, drape, colour, etc., exactly in words or 
figures, standard patterns for finish and for individual 
colours are sent to the finishers and converters. Lt is 
notorious that colours, supposedly matched against 
the same patterns, can vary when produced by 
different dyers, although each works to fine tolerances. 
When each dyer matches repeat orders to his previous 
work, the variations can become much worse. A 
simple solution to this problem is to quote standard 
colour reference numbers and names on orders, and 
to ask dyers to match only to the standard and 
reference patterns which have been supplied to them. 
This eliminates also the possibility of off - shade 
patterns being supplied against repeat orders. 
Additionally, it ensures that all colours ordered have 
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been produced previously on the same cloth and 
achieved the required colour tastness standard. 


quality control in production 


We have seen how the retailer, from his position 
in direct contact with the public, can determine what 
garments are required and what performance is 
required from them. We have also seen how he can 
communicate these requirements to the industry in 
such a way that the producer knows exactly how his 
materials should behave under test. Naturally, the 
technique of garment manufacturing makes a great 
contribution to garment quality; faults may easily 
occur in high speed sewing, in permanent pleating, in 
selecting sewing thread coloured with fugitive dye- 
stuffs or unsuitable interlinings. Unsuitable dry 
cleaning techniques can damage garments as easily as 
unsuitable household laundering. The retailer falls 
short in his efforts to give value if he does not attempt 
to combat all these hazards. But may we not ask what 
precautions the industry takes to satisfy itself that 
the necessary requirements passed on to it are 
reasonably met ? 

Responsibility for the cloth he delivers rests with 
the merchant converter. 

Quality which can be seen and felt, like accurate 
colour matching, colour variation, cloth width, 
weaving and yarn faults, damages, handle, dye 
penetration and printing faults, is subject to scrutiny 
and report by the final inspection. The efficiency of 
the inspection depends largely upon the experience, 
care and standards of the examiners who inspect 
every yard of cloth, and these depend upon what 
is habitually required of them. Every converter should 
consider whether he and his senior executives spend 
sufficient time scrutinising and educating his 
examiners. Is not the final inspection very often 
sub-contracted to the finishers and _ considered 
efficient inversely as the number of complaints from 
garment makers ? Who ensures that the examiners 
have standard finish and colour patterns in their 
hands ? 


handling and packaging 


Another aspect of cloth quality, which sometimes 
does not seem to receive the attention it deserves, is 
that of general handling and packaging. Soiling at 
the ends of pieces can cause a lot of wastage in gar- 
ment cutting, as can finishers’ piece markings if they 
are not trimmed. Bad packaging can result in damage 
during delivery as can be seen from pieces on cutting 
tables, creased or distorted. 

Quality, which can only be determined by destruc- 
tive tests, is more difficult to inspect. Even if the 
converter operates a testing laboratory, he is limited 
in the number of samples he can test. Little more 
than spot checking is practically possible; but when 
one considers the wide variations of cloth 
performance which can result from unnoticed process 
variations in dyeing, printing and finishing alone, 
the value of spot checking must be set very low. The 
retailer, to protect both his customers and himself, 
can make spot tests on patterns sent to him for 
approval by the converters from cloth booked against 
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garment contracts, but this does not improve the 
situation greatly unless he has sufficient contact with 
the processing units to be reasonably certain that the 
patterns represent the cloth as a whole. 

Undoubtedly a high degree of responsibility for 
maintaining standards rests with the processors of 
the fabric. Firstly, to avoid waste, a process fault 
must be detected quickly and be corrected. Secondly, 
as spot checks are insufficient, virtually all control is 
pushed back on to the processor, who can only 
exercise it effectively by a rigorous system of process 
control and by floating inspection as an additional 
safeguard. 

Our knowledge of textile materials being so limited, 
we cannot specify more accurately than in terms of 
grey and finished ends and picks, yarn counts and 
composition, grey and finished widths, dyestuff, resin 
composition, resin content and resin stability to 
washing. Yet two samples with identical descriptions 
in these terms may be so different in performance 
that one is excellent and the other quite useless. 
Obviously more precise descriptions are needed it 
they are to be of any value. This is the reason for 
working to performance standards on_ cloths 
developed in detail. It emphasises the present impor- 
tance of skilled development, because it is only by 
repeating the development procedures that one can 
expect to achieve the required final result. 
importance of finishing 

Because finishing contributes so much to the 
character and quality of many cloths, the modern 
finisher can either produce a fabric of excellent 
quality or deteriorate good grey cloth into material 
which cannot be sewn. Can all finishing works 
applying resin treatments to cottons claim to make 
the simple but highly important tear test as a check 
on quality ? Do all employ a stitching test as a 
precaution that the cloth they deliver can be made 
up ? How many works apply dyestuffs to millions of 
yards of cloth, supposing the colour fastness to be 
satisfactory because laboratory test results on original 
2-ounce samples were ? How many suppose every- 
thing is satisfactory unless their customers complain, 
regardless of standards and specifications ? 

As already mentioned, many difficulties arise from 
the structure of the industry. The commission 
finisher, although undertaking to process cloth with 
reasonable skill and care, rightly states that as he 
cannot control the quality of the grey cloth he 
receives he cannot be responsible for the ultimate 
quality of the finished fabric. Nevertheless, with long 
runs on cloth qualities made to standards which he 
has helped to create, he has the opportunity to 
devise sensitive process controls. This is the key to 
quality, value and high productive efficiency. If he 
applies himself conscientiously to work to this goal, is 
it conceivable that he will neglect to operate an 
efficient and well-equipped works laboratory, and to 
regard performance tests on his products as less 
important than routine material analyses ? 


value in the future 


No buyer of large quantities of cloth can nowa- 
days take assurances of quality production for granted 


without knowing they are founded upon correct pro- 
duction techniques. No manufacturer can risk 
rejection of the enormous output of modern plan, 
even over the shortest production periods. No retailer 
can disappoint his customers, for their goodwill and 
repeat purchases constitute his most valuable asset. 


Over recent years the textile industry has been 
meeting the dual challenge of developing methods of 
handling the wide variety of raw materials placed at 
its disposal by the rapid advances in chemical manu- 
facturing technique, and of producing new fabrics 
demanded by the changing standards and styles of 
living of the public. Its old methods had evolved 
slowly and whole sections devoted themselves to 
single fibres and single qualities of one fibre — such 
as the separate woollen and worsted industries, the 
silk and the linen industry. When the rayons made 
their appearance, each section took fibre in the form 
most nearly akin to its traditional raw material and, 
as far as possible, processed the new fibres on the 
same machinery and by the same techniques. The 
newer man-made and _ synthetic fibres were 
approached in the same way but gradually the old 
dividing lines are breaking down and equipment, 
designed for completely new types of process, is being 
installed. 

Every new fibre and process brings its own 
problems and we should always have in mind whether 
advantage is being taken of new or- traditional 
materials, or whether greater persistence or fresh 
vision might not offer higher rewards. In their early 
stages, all new techniques are less reliable and more 
difficult to use than established methods. Very often, 
expenses are high and grave deficiencies appear at 
the most embarrassing moments. But is not the man 
of experience who confidently predicts failure, as 
misguided as the enthusiast who believes success can 
be set down on the drawing board or distributed in 
laboratory memoranda ? 


the need for more co-operation 


One thing is clear; rapid development in the textile 
industry requires a much higher degree of collabora- 
tion between all sections, suppliers, and product out- 
lets than ever before. The need for fuller material 
specifications between sections therefore becomes 
increasingly pressing, otherwise the later stages of 
manufacture are attempting to develop raw materials 
which vary in the most unpredictable and capricious 
manner. Such specifications will stimulate fuller pro- 
cess control and encourage processors to assume more 
responsibility for the products they pass on to the 
next stage of manufacture. Operator control and 
pride in workmanship can be even further developed. 


The operations of the retailer, too, must be con- 
tinuously under review and no improvement of 
technique considered too trivial or too difficult to 
attempt. The study with clothing manufacturers of 
optimum fabric widths to reduce cutting waste, of 
packaging to improve storage conditions, of the 
presentation of goods in an attractive manner, and of 
cloth and garment style to improve quality, are some 
examples. Production and overhead costs can thereby 
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be reduced and resultant savings passed on to the 
customer in the form of lower prices or improved 
value. 

It may appear that the difficulties of quality 
control in the textile industry have been over- 
emphasised or, if not, that they are sufficient to deter 
the most optimistic. However, in spite of the 
difficulties which have faced the industry in recent 
years, the record of progress and development is 
evidence enough that optimism in the future is fully 
justified. The present high and consistent performance 
level of cottons and rayons in permanent resin finishes 
would have been considered extremely ambitious four 
years ago. The improvements in dyeing cottons in 
very fast and intense colours by continuous methods 
have vastly raised both quality and productivity. 
Formidable problems with new fibres are being over- 
come with non-traditional speed and radically new 
fabrics are continually becoming established. 

Nevertheless, if we are to continue to progress, we 


should concentrate on today’s problems, encouraged 
by yesterday’s successes. The consideration of some 
of these problems, which have been discussed in this 
Paper, might enable us to decide in which directions 
our efforts can most fruitfully be turned. We should 
learn what we can from the experience of other 
industries. For example, materials and methods in 
the engineering industry are very different from ours 
and probably the engineering approach to quality 
control may not be appropriate to textiles. But does 
not our analysis help us to adopt fundamental 
principles established there ? Can there be any 
doubt that we should work towards the goal of more 
complete specifications ? There is no doubt what- 
ever that close personal contacts between all sections 
of the industry are indispensable, both for develop- 
ment and quality control : through them the concept 
of working specifications can be realised. But its 
realisation should help to cement these contacts, 
never to displace them. 


APPENDICES 


APPENDIX I 


MINIMUM PERFORMANCE STANDARDS 
SPUN VISCOSE 2424 
STANDARD FINISH — 1028 Crease Resist 


1. Washing shrinkage — not greater than 2.5°/, in 
warp or weft. 


Nh 


Crease recovery angle — not less than 125° and 

not greater than 155° warp or weft. 

3. Resistant to damage on sewing — no worse than 
“slight ” damage in standard test. 

4. Abrasion resistance — not less than 
Martindale revolutions. 

5. The handle and appearance of the cloth should 

not be lost on washing. 


NOTE — The cloth must be washed off after baking 
the resin and should be substantially free from 
formaldehyde odour and completely free from 
other odours. 


10,000 


APPENDIX II 


MINIMUM PERFORMANCE STANDARDS 
COLOUR FASTNESS 


PLAIN DYED SPUN VISCOSE, PERMANENT RESIN 
FINISH 


1. Colour Fastness to Washing 
No colour change and no staining on to white 
scoured spun viscose (resin free) and in the S.D.C. 
No. 2 (cotton) washing test. 

2. Colour Fastness to Cold Water 
No colour change and no staining on to white 
cotton or wool in the S.D.C. cold water test. It is 
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important that the colour fastness to cold water 
should not be deteriorated by the breakdown of 
after fixing agents on washing. 

3. Colour Fastness to Rubbing 
No more slight marking on to dry white cotton 
in the standard colour fastness to rubbing test. 

4. Colour Fastness to Light 
Grading not less than 3 on the standard S.D.C. 
scale. Lower gradings due to slight phototropic 
changes may be accepted after the examination of 
representative samples. 

5. Colour Fastness to Hot Pressing 
No irreversible colour change should occur on hot 
ironing, steam ironing or steam pressing treat- 
ments likely to be met in garment manufacturing 
or laundering. 


APPENDIX III 


MINIMUM PERFORMANCE STANDARDS 
METHOD OF TEST 
RESISTANCE TO ABRASION 


Apparatus 
Martindale abrasion tester obtainable from 
Goodbrands Ltd. and James Heal & Co. Ltd. 


Method 
Four test pieces are abraded against the standard 
worsted repp abrasive using 144 0z. additional 
weight on each sample holder. 


Assessment 
The end-point is reached when a hole is caused 
in the test piece by the breakdown of two or 
three threads. The number of revolutions required 
to cause such breakdown is noted for each sample 
and the mean result of the four pieces is reported. 
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QUANTITY PRODUCTION OF MOTOR-CAR 


ENGINE COMPONENTS 


Some Problems and their Solution 


A Thesis by H. ALLEN, A.M.I. Prod. E. 
Section Leader, Humber, Ltd., Coventry 


| Mevaiagoons scale production programme such as 
was envisaged for the British motor industry at 
the end of the 1939 - 1945 conflict could not be put 
into effect immediately at the cessation of hostilities, 
as for six years or more all motor-car factories had 
been engaged in War work of one kind or another, 
and had been starved of new machine tools and 
plant. 

So the motor-cars produced during the first few 
years after the War were, broadly speaking, the same 
models as were in production in 1939, with a few 
relatively minor changes. The introduction of new 
models had to wait until new, cheaper, and faster 
rates of production, which, of course, meant new 
machine tools and plant, were available. 

This Paper discusses the stages leading up to the 
introduction of a new four-cylinder, overhead valve, 
light motor-car engine, to be produced at the rate 
of up to 3,000 units per week; the prob'ems which 
arose from the design stage up to the first three years 
of production; and their solution — as seen from the 
viewpoint of the Planning Department of a large 
motor-car company. 

Some time before the new engine was to go into 
production, discussions were held with the workers’ 
representatives to put the management’s point of 
view to them. The new engine was to take the place 
of an engine which had been in production for over 
20 years. 

To obtain a smooth changeover of labour from 
one model to the other it was necessary to have an 
“overlap period” during which time both engines 
would be produced, the new engine gradually absorb- 
ing labour from the old engine, which ultimately 
wou'd only be produced for service requirements. All 
this was explained to the workers’ representatives and 


their co-operation was obtained in achieving a smooth 
changeover with a minimum of labour disputes. 

Work on the design of the new engine was started 
in 1950, with a view to commencing production by 
June 1954. At this stage, the Planning Department 
were concerned only with holding a watching brief, 
as experimental engines had to be built and tested 
before the engine could be considered from a produ- 
tion point of view. However, the time was not 
wasted as there were major policy decisions to be 
taken, such as the site of the new factory, which 
castings would be made in the Company’s foundry, 
which items would be bought outside and, 
of course, how much the whole scheme was going to 
cost. 


design for production 


It is essential that the Planning Department keeps 
in close contact with the Design Department on any 
new project, however large or small. In this particular 
case, all drawings relating to the new engine were 
issued to the Planning Department and it was the 
the Planning Engineer’s responsibility to take up 
with the Design Engineer any points that he con- 
sidered could be modified to assist production, or 
to keep the machining time down to a minimum. 

The fol'owing are a few examples of such points 
that occurred on this project :- 

It is always good practice to remove sharp edges 
and corners from components wherever possible, but 
in the case of the flywheel, a radius was specified 
on all external corners. This was a relic of the past 
when flywheels were more exposed and potentially 
dangerous. As an external radius requires a special 
form tool, which is difficult to set and expensive to 
make, a chamfer was requested in place of the radius. 
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Fig. 1. Section through flywheel showing clutch face before 
modification. 





Although the argument that a chamfer produces two 
sharp corners instead of one was used, the chamfer 
was agreed upon in the interests of economy. 

Another point that arose in connection with the 
flywheel was the facing of the clutch face. This was 
a face of 11 in. dia. with a 4.70 in. dia. recess. This 
meant that the finish facing tool would have a stroke 
of 3.15in. Even at the highest speed possible with 
tungsten-carbide tipped tools, and the coarsest possible 
feed consistent with the finish required, this would 
take at least three minutes. 

After consultation with the Design Engineer, it 
was agreed that the portion of this face that con- 
tained the bolt holes and dowel holes for the clutch 
body could be .010in. below the remainder of that 
face. This meant that two tools could be used to 
produce this face, and the length of stroke required 
would then be halved. (See Figs. 1 and 2.) 

The fitting of the flywheel to the crankshaft was 
another feature which was improved. 
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Fig. 2. Section through flywheel showing modified clutch face. 


The original design called for a shallow spigot 
diameter in the flywheel, to fit on to the ground 
outside diameter of the crankshaft flanges, the fly- 
wheel being located radially by means of two hollow 
dowels which fitted into recesses around two of the 
bolt holes. This entailed grinding the flange diameter 
and the flange face of the crankshaft, boring and 
facing the recess and forming an undercut in the 
flywheel, and forming two recesses in each component 
for the dowels. (See Figs. 3 and 4.) 

The revised design (see Figs. 5 and 6) eliminated 
the recess in the flywheel and made use of the bore 
as a location diameter. This gave a condition on the 
crankshaft which enabled an angle-head type of 
grinding machine to produce the face and diameter 
in one operation. Also, one solid dowel was used in 
place of the two hollow dowels for a radial location. 

Crankshaft and camshaft timing whee's are two 
further examples which show how design can be 
modified to assist production. 
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Figs. 3 and 4. Crankshaft and flywheel — original design. 


The camshaft timing wheel was originally designed 
as shown in Fig. 7. This necessitated two turning 
operations to produce the tooth-blank form, with the 
ever present possibility of run-out due to two chuck- 
ings. The revised design, as shown in Fig. 8, enables 
the component to be gripped in chuck jaws in the 
three “ windows”, and the reduction in diameter of 
the outer boss enables this to be faced by means of a 
tool passing through the bore. The complete turning 
of this component is now done in less than one 
minute on a Wickman 5-Spindle Automatic. 


The crankshaft timing wheel, shown in Fig. 9, 
presents a similar problem. This is too small in dia- 
meter to use “windows” for chucking, as in the 
previous case, and the use of a “chucking-piece ”, 
which has to be removed after turning, is wasteful 
and expensive. The method adopted in the case of 
this component is shown in Figs. 10, 11 and 12. 


The casting is made to produce two components, 
back to back. The first operation is to chuck on the 
outside diameter of one half of the casting, drill 
right through, bore and ream half-way through, and 
rough and finish turn all the external shape of the 
first component. Thus one component is finished 
both internally and externally at one chucking. 


The next operation is to chuck on the outside 
diameter of the finished component, bore and ream 
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Figs. 5 and 6. Crankshaft and flywheel — modified design. 
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Fig. 7. Camshaft timing wheel — original design. 











Fig. 8. Camshaft timing wheel — modified design showing 
chucking “windows” and reduced boss diameter. 


half-way, rough and finish turn all the external shape 
of the second component, and part off. Thus both 
components are used as chucking-pieces for each 
other, and both machines are tooled up identically, 
with the exception of the drill on the first machine 
and the parting tool on the other. 

The parted-off face is unimportant regarding 
finish and an internal double chamfer is produced 
in the bore before finish reaming the first component, 
so that the parting tool will not throw a burr into 
the bore on either component. Run-out error is un- 
important, as each component is produced complete 
at one chucking. 


estimating machine tool and plant requirements 
and costs 


To arrive at a realistic cost estimate to present 
to the management, it was necessary to obtain 
quotations from the major machine tool suppliers who 
wou!d be concerned, although it was realised that 
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Fig. 10. Crankshaft timing wheel — rough casting. The chain 
dotted line shows outline of finished components. 
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Fig. 9. Crankshaft timing wheel — finished component. 


there were liable to be many changes before the 
design of the new engine was finalised. However, this 
was in some ways an advantage, as it enabled several 
changes to be made to individual component design 
to assist machining methods. The cylinder block, for 
instance, was strengthened to resist broaching stresses 
at the suggestion of Cincinnati Milling Machines 
Limited, who were eventually to supply the surface 
broaching machine. 


The method employed to obtain quotations was 
to give drawings of components to several machine 
tool suppliers, and ask them to quote for machines to 
perform all the operations in which they were 
interested. This led to a lot of overlapping, several 
suppliers quoting for the same operations, but in 
many cases there were suggestions for different 
methods of performing these operations. This 
information was very useful at a later stage, when 
it was necessary to get down to detail planning, 
as it gave the Planning Engineer several suggestions 
to work on. 


It soon became obvious that there was a limit to 
the number of machine tools that the leading manu- 
facturers could supply, in the time available, as 
several other motor-car companies were ordering 
machine tools for their own expansion and develop- 
ment schemes. It is company policy to buy British 
machine tools as far as possible unless no British 
equivalent machine is available, so it was agreed to 
reserve capacity with the leading machine tool 
manufacturers for an agreed number of machine tools 
to be delivered before March 1954. Final component 
drawings were to be supplied and orders to be placed 
by March 1952. 


It was also agreed at this stage, partly in view of 
the machine tool position, and partly because of the 
capital expenditure involved, to purchase machine 
tools to give an initial output of 2,000 engines per 
two-shift week, and to build up output to 3,000 per 
week, after the engine had been in production for 
two years. 
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From the initial quotations received it was possible 
to produce a fairly accurate estimate of what the 
machine tool cost for the whole engine would be. A 
scheme brochure was then prepared showing the 
expenditure involved. This was done in two parts — 
the first part showing what would be involved for the 
initial production of 2,000 engines per week — and 
the second part showing the additional requirements 
to step up production to 3,000 per week at a ater 
date. 

The machine tool side, although involving 
the largest expenditure, was only a part of the 
whole scheme, and _ whilst negotiations with 
machine tool suppliers were proceeding, similar 
estimates were being prepared in connection with 
building operations, special foundations required by 
some of the machine tools, heating and lighting 
systems, power supply, special drainage and water 
supplies required by process plants, fire-fighting 
equipment, office furniture, and even boilers for tea 
making. 

As soon as all this information was available the 
figures were included in the brochure, which was 
then submitted to the management. 

Management approval was finally given in August, 
1951, together with instructions to proceed with the 
scheme as outlined in the brochure. 

Production was to commence in June, 1954. To 
achieve this, all machine too!s, jigs, and fixtures were 
to be delivered as far in advance of this date as 
possible, to enable trials to be made. 


shop layout and materials handling 


The site chosen for the new Engine Shop was an 
existing building which had been a “Shadow Factory” 
during the War. 
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Fig. 11. Crankshaft timing wheel at completion of first turning 
operation. 


There were many points to be considered before 
any attempt at a shop layout could be made. The 
idea was to make the new shop self-contained as far 
as possible, so that all services such as a small Tool 
Room, Machine Tool Repair and Maintenance 
Section, Cutter Grinding, Tool Stores, Gauge Stores, 
and Surgery, had to be included. 

As the assembly and test of the finished engine was 
to be included in the same shop there was the 
difficulty of getting raw materials, bought finished 
parts, and gearboxes, into the shop to suitable points, 
and also of getting finished engines and swarf out. 

In a case like this, it is very difficult to show all 
the proposed routes of materials, etc., in one plane, 
such as a plan view on paper, especially when it is 
proposed to use overhead conveyors for some items. 
A far more satisfactory method is to make a scale 
model of the shop, including walls, stanchions and 
roof trusses. Into this, models of machine tools, etc., 
can be fitted, and wires or tapes used to indicate 
overhead conveyors and material routes. This was 
done in this particular case and certainly proved its 
worth, as many points which can easily be overlooked 
on a flat drawing, show up clearly on a model, 
particularly in the case of overhead conveyors and 
very tall machines which had to be sited between 
roof val eys. 

One of the ruling factors in the final layout was 
the siting of the engine test section, which would be 
operating day and night. To avoid annoyance to 
people living in close proximity to the factory, it 
was decided to site this section as far away from any 
residential area as possible. 

Fig. 13 shows an outline of the factory when taken 
over for this new engine, and Fig. 14 is a plan view 
of the same shop as finally laid out. It will be seen 
that to make the best possible use of the floor space 
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Fig. 12. Crankshaft timing wheel at completion of second 
turning operation, 
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Fig. 13. Outline of Machine Shop when taken over for 
new engine. 


available, and to give the straightest possible flow 
lines for materials, it was necessary to dispense with 
the central lavatory block, and the intermediate steps 
leading up to the offices on the gallery. 

All raw materials are fed into the machining lines 
along the main North gangway in tote boxes by means 
of fork-lift trucks, which take out empty tote boxes on 
their return. Swarf chutes along all machining lines 
empty into bins sunk into pits along this same gang- 
way, and these swarf bins are taken away and 
replaced by the same fork-lift trucks. 

The cylinder block casting is the only item of raw 
material which is not fed along this North gangway. 
This component trave's from the shot-blast and 
fettling section in the Stores area on its own over- 
head conveyor, from which it is automatically off- 
loaded by a simple roller track device, which delivers 
it to the first machine on the cylinder block 
machining line. 

All bought finished items such as carburettors, 
joints and gaskets, etc., and items made elsewhere in 
the factory such as gearboxes, are fed into the Shop 
via the South gangway, alongside which the main 
assembly track runs. 

At the end of the main assembly track the com- 
pleted engine is lifted from the assembly conveyors 
by means of a drop-section in the live overhead 
storage conveyor, which carries it around the engine 
test section. Engines are taken from this conveyor 
as required for testing and returned to it after test 
to go into the “preparation for despatch” area, or 
into the Rectification Bay, as indicated by the test. 

One problem associated with this conveyor was the 
routing of engines to the appropriate section, and 
the return of empty slings to the assembly track. This 
was solved by the provision of three push-buttons on 
each sling. Two of these are used by the engine test 
operator to indicate a good or faulty engine, and 
they operate limit switches on the overhead conveyor 
rail. These contro] solenoid operated “points” which in 
turn divert the engine into the appropriate section. 
The third button is used similarly, when the engine is 
removed from the conveyor, to return the empty sling 
to the assembly track. ; 
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materials handling applied to individual 
components 

Although the term “floor to floor” is very 
commonly used in relation to operation times, its 
use should be condemned. There should never be any 
need to put components on the floor. The whole 
of the layout of this new Machine and Assembly 
Shop was done with this idea in mind. 

Transfer machines are the nearest approach to the 
ideal, as regards the engineering industry, but they 
are rather expensive. Rol'er track is one of the 
simplest and most effective means of handling large 
heavy components such as cylinder blocks and 
cylinder heads, but at least one flat face is necessary 
on the component, although cylinder blocks with 
projecting bearing caps can be accommodated by 
means of split roller track. When turn-tables and 
turn-overs are incorporated in a ro'ler track layout. 
it becomes almost an ideal example of manual 
materials handling. 

Such components as crankshafts, camshafts, fly- 
wheels and starter rings can be transferred manually 
between operations by means of suitable racks or 
carriers suspended from an overhead rail. When the 
rack or carrier reaches the end of the machining 
line, components are transferred to the assembly or 
sub-assembly sections, usually by means of another 
conveyor which passes through a wash. Empty 
carriers are returned to the start of the machining 
line by means of a lift section, and a high-level 
gravity return rail. 

Many smaller components can be successfully 
transferred between operations by means of a belt 
type conveyor. In lots of cases, one such belt conveyor 
can serve two lines of machines producing different 
components by the use of a dividing strip down the 
centre of the belt, with stop strips placed across 
the belt at the various operating positions. 

One very effective, yet simple, conveyor was made 
from a piece of electrical conduit tubing. It was 
necessary to transfer valve guides from a_ plain 
grinding machine to a centreless grinding machine: 
the end of the conduit tubing was swaged out to 
form a bell-mouthed opening and this end was 
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Fig. 14. The Machine Shop shown in Fig. 13, laid out for 
production. 


yery fastened to the wheelguard of the plain grinder in a unloading times, had to be accurate, especially where 
its convenient position for the operator to push valve items such as tappets and valve guides, which were 
any guides into it after completing his operation. The eight per set, were concerned. 
hole other end of the tubing led direct into the work chute Manual clamping of jigs and fixtures was 
ibly of the centreless grinder, and resulted in the centre- eliminated as far as possible and hydraulic or air 
less grinder operator being released for other work. clamping and ejection substituted to save time and 
the Providing that bends are not too acute, and a slight reduce operator fatigue. 
hey fall is permissib'e between entry and exit points, this Automatic gauging, including size control on 
the method can be used to transfer components of this machine tools, was employed on many components 
irge type almost anywhere. to save labour costs and to help to achieve the 
and Materials handing ideas should not be confined required rate of output. 
sary to components to be manufactured. Tools used should Dust extractors were used to a very great extent, 
vith also be considered. Power tools used for assembly particularly on the cylinder block section where cast 
by operations can be suspended from the roof by means iron was to be machined dry, as the engine was to be 
and of a safety balance, and even spanners used on manufactured and assembled in the same shop. 
out, fixtures on machine tools can be treated in the same Several types of dust extractors were used according 
ual way. This will also prevent many accidents caused by to the type of operation, but the object in each case 
spanners and other tools being left on lathe or milling was the same: to remove the dust at its source. 
fly- machine beds. Special cutter guards were made to shroud milling 
ally cutters as completely as possible, without interfering 
; or detail planning with their operation, and these guards were con- 
the The rate of production of the new engine was to nected by means of flexible trunking to the dust 
ling be 2,000 per week initially, to be built up to 3,000 ° extractors; several machines being served in some 
; or per week at a later date. These basic quantities were cases by one dust extractor. 
ther increased by 10°/, to allow for service requirements, This system proved very effective in operation, and 
ipty and again, by 6°/, to allow for possible scrap. the result is that this shop is now the cleanest 
ling The working week consisted of two shifts of 44 Machine Shop in any of the Company’s factories, 
evel hours each, which at 85°/, efficiency became 75 hours and yet it is the most productive. 
total production time. On this basis the cycle time Wherever it was necessary to have two or more 
ully required became 1.93 minutes for the 2,000 per week machines on operations such as rough milling and 
belt basic programme, and 1.28 minutes for the 3,000 per finish milling of cylinder block end faces, rough 
yor week basic programme. boring, semi-finish boring, and fine boring, of cylinder 
rent The Planning Engineer’s aim was, wherever pos- bores, etc., it was decided to have these machines 
the sible, to achieve the 1.28 minute production time for made so that in the event of a machine breakdown, 
ross every operation. Where this was not possible, then the roughing machine could be quickly converted to 
the 1.93 minute production time was permissible, do the finishing operation, and vice versa. This meant 
ade but provision had to be made in the floor-space in many Cases extra initial expenditure, but was well 
was available for additional machine tools, plant, or werthwhile, as was proved later in several instances. 
lain equipment, to be added when the 3,000 per week Another feature insisted upon, to assist mainten- 
ine ; programme was introduced. ance, was the standardisation of electrical equipment 
| to This meant that estimates of machining time, on machine tools. 
was speeds, and feeds, handling times, loading and As the machine tools to be ordered were to be of 
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a very high-productive nature, they would in many 
cases have separate self-contained hydraulic units 
for fixture operation, component transfer and ejection 
mechanism. The electrical control panels were, there- 
tore, liable to be rather comp-.ex, and there would be 
several motors on each macnine. 

After consultation with the electricians who would 
be responsible for the maintenance of these machine 
tools, it was decided to standardise on two makes of 
electric motor and one type of switchgear. 

Although certain capacity for machine tools had 
been reserved with machine tool manufacturers, to 
ensure delivery for March, 1954 it was necessary to 
piace firm orders before March, 1952. To do this it 
was essential to decide exactly what operation each 
machine would be required to perform, and to pro- 
vide the machine too! manufaeturer with finalised 
component drawings. 

The machine tool expenditure estimates had been 
approved and, as long as the total figure was not 
exceeded, a certain amount of flexibility was per- 
missible at the Planning Engineer’s discretion, 
provided that the changes made were to the advant- 
age of the project as a whole. 

The following are some of the outstanding points 
in connection with the detail planning of this 
engine : 


cylinder blocks 

The first requirement for machining any cylinder 
block casting is a reliable location, which is relative 
to the cylinder barrel-cores, in order to obtain an 
even barrel-wall thickness after machining. 

In this respect one is very much in the hands of 
the pattern-maker and the foundry man. However, 
this particular component was to be cast in the 
Company’s own foundry and could, therefore, be 
closely controlled. 

It was decided to incorporate in the barrel-core 
a #in. diameter round core, which woud form a 
hole in the cylinder head face of the cylinder block. 


This hole was to be guaranteed for size within 
020 in. in diameter, the foundry agreeing to ream 
this hole if necessary to maintain this tolerance, 
although this was not found necessary in practice. 

A taper plug in this hole, used in conjunction with 
two other external spots on the offside face, formed 
the jig location for the first machining operation. 
This was the milling of four pads to be used as 
location points for the surface broaching operation. 

The method of machining the longitudinal faces 
of the cylinder block was the subject of high level 
discussions in the early stages. It was finally agreed to 
adopt the surface broaching method suggested by 
Planning Department, in spite of the high initial 
capital outlay and the high cost of tungsten-carbide 
tipped broaching tools, as it was estimated that a 
great saving of manpower would result. 

The tables given on this and the facing page show 
how this method compared with conventional milling 
operations : 


conventional milling 

The apparent high cost of the milling machines 
is due to the necessity to use heavy duty spindle 
carriers, and hydraulic clamping. Special inserted 
blade milling cutters, with negative radial rake, and 
positive helix angle, are necessary as rates of up to 
50 in. per minute will be required to maintain the 
production time stated. 

It is considered that one operator will be needed 
for each of the milling machines, although production 
could be maintained during short absences by an 
operator looking after two machines. 


surface broaching 

Although the initial capital outlay is nearly 50°/, 
greater in the case of the broaching machine, it is 
estimated that this would be repaid in six years by 
the saving of five operators. 

In addition, there are other factors in its favour, 
such as the saving in floor space, and an estimated 






































Total Est: Est: 
Operation Machine Cost — M/C Production 
and Equipmen' Time 

Rough Mill Special Duplex £11,500 1.75 mins. 

Head and Milling 

Sump Faces Machine 
Finish Mill Vertical Milling £5,500 1.75 mins. 

Sump Face Machine 
Mill Crankshaft | Speci Milli 3 ins 

oie | anne Leis, CONVENTIONAL MILLING : 

6 machines required, costing £47,000 
Mill Bearing Special 2-Spindle £9,500 1.50 mins, and using six operators. 

Cap Tenon Vertical 

Slots Milling 

Machine 

Mill Tappet Horizontal £5,000 1.50 mins. 

Cover Face Milling 

Machine 

Mili Angular | Vertical Milling £6,500 1.30 mins. 

Distributor Machine 

and Filter 

Faces 
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Total Est: Est. 
Operation Machine Cost — M/C Production 
and Equipment Time 
Ist Station £ 
Broach Sump American Built 
Face Bearing 2-Station 2 
Cap Tenons Way Hydrau- : ae 
SURFACE BROACHING : and Bearing lic Broaching | . 68,300 0.75 mins 
Half Bores Machine including 20, 


1 machine required costing £68,300 
and using one operator. 

2nd Station 

Broach Head 
Face 


Tappet Cover 
Face and 


and Filter 


Angular Dist. 


Import Duty 





Faces 




















50 times the number of components between regrinds 
of cutting tools. 

Of course, it must be understood that this method 
of machining is only economical where the output 
required ensures that the machine will be fully 
employed. Only thus will the resultant saving in 
labour cost repay the capital expenditure necessary. 

After surface broaching, two location holes are 
drilled and reamed in the sump flange of the cylinder 
block. These two holes then serve as jig locations 
for all further machining operations. 

In-line transfer machines were used for all holes 
with the exception of the cylinder bores and the 
tappet bores, three such machines being used — one 
8-station machine for front and rear face operations, 
one 14-station machine for sump face operations, and 
one 10-station machine for cylinder head face and 
side face operations. 

Transfer machines are not limited to simple drilling 
operations, as was proved in this case. Camshaft bores 
are rough bored, and sides of bearings, oil grooves, and 
bearing retaining slots are milled on these machines. 


bearing caps 

It was decided to make the cylinder block bearing 
caps from a composite casting, each casting to make 
one complete set of bearing caps. 

This method is far more economical than pro- 
ducing from separate castings, as there is only one 
casting to handle, and most operations can be 
performed before it is necessary to split into separate 
caps. The raw material position is also simplified, as 
one casting ensures a balanced supply of parts. 

It had been the general practice on all other 
engines produced by the Company to rough bore the 
bearing caps in conjunction with the cylinder block. 
This method necessitated the removal of the bearing 
caps, to cut oil grooves and bearing retainer slots 
in both components. 

In view of the fact that the surface broaching of 
the cylinder block presented an ideal opportunity 
to rough machine the half bores of the crankshaft 
bearing, at no extra cost, it was decided to eliminate 
the necessity of removing the bearing caps at this 


intermediate stage. So the bearing caps were rough 
machined in the half bore, and oil grooves and 
bearing retainer slots were milled before the bearing 
caps were fitted to the cylinder block for finish boring. 
This meant that once the bearing caps were fitted to 
the cylinder block, they were not removed until the 
crankshaft was assembled. 


connecting rods 


Although the Company had been manufacturing 
connecting rods for many years, it was felt that there 
was room for improvement in the methods employed. 

Methods used by competitors were studied and 
several original methods tried out experimentally 
before the ultimate method was adopted. The main 
features of this were as follows :- 

The side faces of both the large end and the small 
end to be ground to the same width, holding a 
tolerance of .002 in. leaving .010 in. on each side for 
final finishing. 

The large end bore to be rough and semi-finish 
bored in two half-bores, so that after splitting the 
cap from the rod, grinding the joint face, milling 
bearing retainer slots, and bolting the cap to the rod, 
the bore was ready for grinding. 

The bolt holes were drilled and reamed before 
splitting the cap from the rod. This eliminated the 
necessity of holding a tight limit on the bolt-hole 
centre distance, as the cap and the rod will always 
match each other. 


balancing of connecting rods 

One of the major prob!ems associated with engine 
assembly had always been the selection of suitable 
sets of connecting rods within the permissible weight 
variation each end. 

The introduction of this new engine presented an 
opportunity to eliminate this problem. 

Balance weight bosses were added to the forging 
to provide a means of weight adjustment. The aim 
was to machine these balance weights to produce 
every connecting rod to the same weight, within 1 
dram each end of an agreed master connecting rod. 
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Two pairs of special scales were made, one pair 
to give a reading for the large end, and the other 
pair to give a reading for the small end. With the 
aid of these scales, hundreds of finished connecting 
rods were weighed and recorded before it was pos- 
sible to determine the weights of the large and small 
ends of a suitable rod to be used as a master. 

All connecting rods were first machined on the 
weight bosses at each end to a tolerance of .002 in. to 
remove forging flash, and to give a definite datum 
point from which to remove metal to correct the 
weight. 

Two milling machines were equipped with air 
operated fixtures, and special dials which were 
calibrated to read in drams were fitted in place of 
the standard dials. These dials were calibrated on the 
basis of .011 in. being equal to 1 dram in the case 
of the machine for the large end, and .016 in. being 
equal to 1 dram in the case of the machine for the 
small end. 

The special scales are set to zero with the master 
connecting rod in position. The rod to be machined is 
placed on the scales, the milling machine dial is set 
to the reading indicated on the scales, the connecting 
rod is transferred to the milling machine and milled. 
This operation is repeated for the other end of the 
connecting rod, and thus every rod is produced to 
within 1 dram each end of the master rod weight. 

A much more accurate job cou'd be produced, as 
can be seen by the figures of .011 in. and .016 in. per 
dram, but the limitation is in the sensitivity of the 
scales. Laboratory-type scales are far more sensitive, 
but are hardly suitable for use in a machine shop. 


camshafts 

Camshafts were to be made from cast iron, with 
chilled peaks to the cams. This necessitated grinding 
from the cast shape to the finished size. 

As all the cams required grinding to an angle of 
0° - 15’ to the axis of the camshaft, and the finish 
required was 25 micro inches, a modification to the 
standard cam grinding machine was suggested. 

The standard method of producing camshafts of 
this type was to rough grind the cams parallel, and 
to finish grind them on a second machine with the 
angle of 0° - 15’ on the grinding wheel. 

This necessitated the use of a special! wheel dressing 
attachment, and at the same time made it impossible 
to use any traverse, with the result that the wheel 
soon lost its angle, and the finish obtained was poor. 

To overcome this problem, the top slide of the 
machine table was set over at the angle of 0° - 15’. 
This angle was taken into account when designing 
the nest of master cams, and these were made to 
different diameters so that the operator of the 
machine could work to the same infeed position for 
each cam to be ground. 

The wheel was dressed square, using the standard 
wheel dressing attachment, and a traverse grinding 
method could be used, which, although !imited by the 
proximity of adjoining cams, enabled the full width 
of the wheel to be used. 

This method proved entirely successful in pro- 
duction, and the desired finish was obtained. The 
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machine toolmakers concerned have now adopted 
this method as standard practice on their machines. 


production problems as output increased 

Production commenced at a very moderate rate 
to allow for teething troubles on new machines and 
equipment, but as soon as production began to build 
up to around 200 per shift, minor troubles became 
major problems. 

The transfer machines on the cylinder block and 
cylinder head lines were one of the first sources of 
trouble. These machines carried over 100 different 
tools each, and although there had been no trouble 
whilst working at a low production rate, as soon as 
they were called upon to produce over 200 com- 
ponents per shift the tool-setters complained that they 
could not keep pace with the tool changes that were 
necessary. 

An investigation was immediately started. A 
complete new set of tools was put in each machine, 
and a record kept of the number of components 
machined with each tool before it needed changing. 
Experiments were made with different drill point 
angles and a 75° included angle was adopted where- 
ever possible. Other cutting tools were also modified 
wherever possible to give a maximum life between 
regrinds, and a condition was eventually established 
whereby the shortest tool life between regrinds was 
over 300 components. This figure was the maximum 
that was expected of these machines per shift, so 
it was established that these machines would run 
for one complete shift without a tool change. 


preventive maintenance 


A preventive maintenance routine was introduced. 
Tool boxes were fitted to each station of each transfer 
machine, containing a complete set of tools for each 
station, together with tool-setting gauges and a list of 
instructions indicating the stage at which each tool 
was to be changed. The tool-setter responsible for 
the machine had the key to these boxes and was 
responsible for rep'acing the tools in the boxes as 
they were used. 

This system was preferred in place of the tool- 
hoard system used by some Companies, as it was 
found that the latter, where tools were placed 
on an open board, was abused. The open 
board proved too great a temptation to other tool- 
setters in the shop; it was easier for them to take a 
tool from one of these open boards, than to go to the 
Tool Stores for their own tools. 

When this system was established, the tool-setters 
soon realised that it was in their own interests to 
fol'ow the new routine instead of waiting for a tool 
to fail, as had been their previous practice. 

Due to the use of several sets of dies by the 
forging supplier, it was found that a large number of 
connecting rods were being produced that were too 
heavy to machine to the final master weight. 

The obvious solution to this was to increase the 
size of the balance weight bosses at each end of the 
connecting rod, to give more metal for weight adjust- 
ment purposes. This was not acceptable to the Design 
Engineer, however, as it would mean increasing con- 
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siderably the finished total weight of each connecting 
rod. 

It was finally decided to introduce a second master 
connecting rod, which was sufficiently heavier than 
the original master rod to enable the heaviest forging 
to be machined to it. 

To avoid the necessity of machining every con- 
necting rod for weight adjustment before knowing 
whether it would come into the category of a 
“heavy” or “light” rod, a selection operation was 
introduced immediately before the weight adjustment 
operation. An ordinary pair of pan scales was used 
for this operation, the connecting rods being weighed 
against a previously determined selector weight, and 
at this stage they were painted blue for “light ” 
and black for “heavy” according to the category. 

Another problem, that was almost impossible to 
have foreseen, arose in connection with valve guides. 

These were made from individual castings, and the 
first operation was performed on a Wickman 
5-Spindle Automatic, equipped with collet chucks 
and a magazine feed. 

A sudden outbreak of excessive tool usage on this 
machine was reported, and on investigation, it was 
found that several components in each batch of 
castings were from .015 in. to .020in. below bottom 
casting limit. The collets were failing to grip these 
undersize components and when the cutting tools 
came into contact with them, the component ceased 
to rotate and as a result the too!s and the collet 
ejector mechanism were broken. 

Further investigations were made, and it was found 
that these undersize castings were made by the 
supplier for another customer, and although the 
suppliers made every effort to keep them separate, 
they could not guarantee that there would not be an 
occasional undersize component in any future 
batches. 

As it was not easy to pick out these small com- 
ponents visually owing to the slight difference in 
outside diameter, and even one component getting 
through to the Wickman Auto could cause a hold-up 
in production, it was decided to introduce a centreless 
grinding operation. This operation, taking place 
hefore the Wickman Auto operation, was to remove 
enough metal to just clean up the correct castings, 
thus making a visual difference in size between the two 
castings. The operator of the Wickman Auto was 
told to reject any castings that had not been ground. 

It would have been possible to make an automatic 
gauging fixture through which these components 
could have been fed and the small ones rejected, but 
the centreless grinding operation was just as quick 
and had the added advantage of removing the slight 
taper on the castings, thus presenting an improved 
condition for the collet on the Wickman Auto to 
grip. 


flexibility of plant 


In view of the rate of production envisaged, and 
the type of machine tools involved, it was thought 
in the early stages that once production had started, 


modifications to component design would have to be 
limited to very minor changes. 

This has not proved to be the case in practice, 
however. Some quite major modifications have been 
effected. 

The point that must be stressed once again, is 
that co-operation between the Design Engineer and 
the Planning Engineer is essential to enable the 
changes to be introduced with the minimum amount 
of cost and interference to production. 

Transfer machines, whether of the rotary or in- 
line type, usually consist of a series of standard 
units, and a change in a component such as the 
addition of holes, or the repositioning of existing 
holes, can usually be accommodated by replacing an 
existing multi-spindle head with a new one or, in 
extreme cases, by adding an extra station to the 
transfer machine. 

In fact, providing that overall dimensions of com- 
ponents are not increased, there are no limits to the 
changes that can be made but, of course, with high 
productive types of machine tools, these changes are 
far more expensive than would be the case if the 
component were produced on a radial drill. The 
advantage of transfer machines is that in the event 
of a change to a component, there is rarely any 
need to increase the piecework price of the com- 
ponent, as would be necessary in the case of drilling 
additional holes on a radial drill. 

It is always advisable to investigate any proposed 
modification to ensure that it is introduced as 
economically as possible, and that the advantages 
gained by its introduction justify the cost involved. 

Here again, the Pianning Engineer can advise the 
Design Engineer what degree of modification is 
possible without involving excessively high costs. 

In the case of the engine under discussion, it has 
been possible to introduce many modifications such 
as increasing the cylinder bore size, and the piston 
diameter to suit. A high-compression cylinder head 
with shallower combustion chambers and _ larger 
valves, was introduced, and also a cast iron crank- 
shaft. This latter was produced on the same machines 
as the steel crankshaft, both components being pro- 
duced concurrently. 

One of the major problems facing the motor-car 
industry when introducing chafes in component 
design is the service problem. Pfovision always has 
to be made to produce the original component for 
service requirements, unless the new component can 
be used. 

In the case of a complete redesign of a component, 
it is usually possible to transfer jigs and tools, and 
in some cases machine tools as well, to another 
department for service production, but in the case of 
a relatively minor change, such as the cylinder bore 
size of a cylinder block, it is far more economical to 
produce service requirements on the production line 
by changing tooling on certain machines only. Of 
course, this will interfere with production and restrict 
output to a certain extent, but it is usual to allow 
for certain service requirements when planning 
production quantities. 

(concluded on page 593) 
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FIVE-WEEKS’ tour of production engineering 

research laboratories and factories in Russia, 
Czechoslovakia and Poland was recently completed 
by the Director of PERA, Dr. Galloway; the Research 
Manager, Mr. R. Tilsley; and the Information 
Manager, Mr. D. D. Morgan. The purpose of the 
tour was to make a first-hand study of research 
facilities and techniques in each country, to assess 
the contribution being made by research to the 
improvement of efficiency in factories, to see the 
production techniques and equipment being used in 
different types of factory, to arrange regular inter- 
changes of information and experience on all aspects 
of production, and to cement the close ties already 
established with the leading production engineering 
research workers in each country. All these objectives 
were achieved, and as a result, PERA will in future 
have direct access to the results of research of con- 
siderable practical and economic significance which 
is being carried out on an immense scale, particularly 
in Russia. 


The PERA party was given every facility to see 
research laboratories, technical institutes, and 
factories of particular interest, and all questions were 
answered fully and frankly. All the scientists, factory 
managers and engineers met, recognise that 


a free interchange of knowledge will greatly accelerate 
the rate of scientific progress and of industrial 
development, and were genuinely anxious to pass on 





the Institution 


their experience in the expectation that they, too, 
would benefit from the ensuing discussions. 

Much of the great technical vitality of the best 
Russian factories is derived from the intensive 
research being carried out at a number of production 
engineering research organisations, each one being 
larger than the combined resources available for 
such research in Britain. In all, about 10,000 scientists 
and engineers are centrally employed on production 
research in Russia compared with several hundred 
in this country, and considerable expansion of the 
Russian facilities is still in progress. 

Although it is commonly assumed that Russian 
research facilities are wholly financed directly by the 
State, research projects sponsored by particular fac- 
tories account for a large proportion of the total 
income of some research stations. For example. 
approximately 50°/, of the income of the Central 
Scientific Research Institute of Technology and 
Machine Building (TSNITMASH) is derived from 
sponsored research carried out on behalf of individual 
factories. TSNITMASH employs about 3,300 
scientists and engineers on investigations into new 
and improved production techniques and equipment 
for heavy industry, and also develops new materials 
for machine construction. 

About 1,100 engineers are employed at the 
experimental Perovsky plant attached to the Institute 
for building prototype machines and other new 
equipment. 


A line of machine tools linked by over- 

head conveyor in the automatic factory 

at the First State Ball Bearing Plant, 
in Moscow. 
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The Experimental Scientific Research Institute 
for Machine Tools (ENIMS) has a research and 
design staff of 900, and about 1,000 engineers are 
employed at an associated machine tool plant which 
builds prototypes of all machines designed by 
ENIMS. In addition, several thousand engineers and 
scientists are investigating metal forming techniques 
and equipment, cutting tools, etc., at a number of 
other research institutes in various parts of Russia. 


ENIMS 

ENIMS is playing an especially important role in 
the development of automation in Russia. The 
Institute carried out its first investigations into the 
automation of machining operations between 1947 
and 1952, and designed a completely automatic line 
for the production of pistons for internal combustion 
engines. ENIMS also made a substantial contribution 
to the design and development of an automatic roll- 
ing bearing factory at the First State Ball Bearing 
Plant in Moscow. This completely automatic factory 
has been turning out 2,000,000 bearings a year since 
1952 with a labour force of 12 production workers 
and 18 maintenance engineers. New automatic 
factories now being constructed for installation in 
1960 will produce over 30,000,000 bearings a year. 
Only 5% of this large plant, which produces over 
70,000,000 bearings a year ranging in size from a few 
grams to several tons, is at present automated, but 
about 80°/, of the factory will be automated by 1965. 


machine tool research 

In addition to its researches into automation, 
ENIMS is also carrying out research into machine 
tool design and construction, and has made great 
progress towards complete understanding of highly 
complex questions such as the vibrational character- 
istics of machine tools. To ensure that Soviet machine 
tools generally embody the results of ENIMS’ 
researches, all new designs of machine tools developed 
in Russian factories must be approved by ENIMS 
before they are put into production. 

Machine tool research being carried out in some 
factories is also impressive in its range and quality. At 
the Sverdlov Machine Tool Plant in Leningrad, for 
example, considerable research has been done on 
automatic control systems for machine tools, on 
vibration and on other fundamental aspects of 
machine tool design and construction which affect the 
economics of production. Experiments carried out 
with scale models have led to substantial improve- 
ments in design. For instance, the overall size of one 
standard type of machine tool has been increased by 
25°%, and the power of the motor by 33°/, without 
increasing the weight of the machine, as metal has 
been more effectively distributed. 


metals-working research 

Extensive research into a wide range of metals-work- 
ing processes is in progress at TSNITMASH. Equip- 
ment designed and built by the Institute include a 
70,000 ton hydraulic press (with columns neary 100 ft. 
high) for the production of aircraft components, and 
special equipment for rolling turbine blades to close 


limits of accuracy. Techniques have also been 
developed for rolling complex components up to 
about 4 ft. long from steel strip. It is claimed that 
these techniques reduce production costs and times 
by about one-third, and material consumption by 
40°/,. Other metals-working equipment developed by 
TSNITMASH includes an experimental mill for roll- 
ing spur gears which are subsequently finished by 
machining. A hydraulic press has been built for cold 
extruding aluminium at pressures up to 10,000 
atmospheres and an extrusion speed of about 1,000 ft. 
per second. Applications of induction heating employ- 
ing high and low frequencies have also been exten- 
sively investigated. 


coverage of foreign progress 

In Russia, the great value of foreign scientific and 
technical information in promoting industrial 
development is widely recognised and hence foreign 
literature is translated on a vast scale. At the Centre 
for Scientific Information at Moscow there is a full- 
time staff of scientists, translators, etc., continuously 
engaged on the preparation of translations and digests 
of reports, papers and articles published in 10,000 
foreign journals printed in 88 countries in 64 lan- 
guages. The permanent staff are assisted by 20,000 
part-time translators, each of whom is a specialist in 
some branch of science or technology. The Centre 
publishes 13 major abstract journals covering everv 
field of science and technology. The Production 
Engineering Journal, for example, is published twice 
monthly and contains no fewer than 4,000 digests of 
reports published in all parts of the world. 


lectures by Dr. Galloway on the tour 

Arrangements are now being made with the 
Institution of Production Engineers and other 
societies for Dr. Galloway to report his main impres- 
sions of research and industry in Russia, Czecho- 
slovakia and Poland in a series of lectures. In 
addition to discussing science, technology, working 
conditions, etc., Dr. Galloway will be illustrating his 
talks with film, shot during the tour, showing many 
aspects of Russian industry and life generally. Full 
details will be announced as soon as the arrange- 
ments have been completed. 








MEMBERS TRAVELLING 
OUTSIDE THE UNITED KINGDOM 


Members who are visiting Australia, New Zealand, 
India, South Africa or Canada, are reminded that 
the Institution has local Sections in these countries, 
where they will be made very welcome by the 
Institution’s Honorary Officers and members there. 


Papers on subjects of interest to production 
engineers and managers are always welcomed, and 
any members who are visiting one of the Sections 
outside the U.K., and who would like letters of 
introduction, should inform the Secretary of the 
Institution at 10 Chesterfield Street, Mayfair, 
London, W.1. 


591 








CORRESPONDENCE 





PACKING FOR EXPORT 


(The following notes have been received from a Member of the Institution 
who left England some years ago to direct the setting up of new manufac- 
turing facilities in Australia. After completion of that project, he has held 
a number of senior oppointments in production and development establish- 
ments, in each position at the receiving end of a large quantity of engineering 
equipment, machine tools, etc., of which the total value probably runs into 


hundreds of thousands of pounds.) 


HE whole business of packing, for export 

especially, is one of much greater importance to 
manufacturers than most appear to realise, for it 
must be remembered that, in engineering export, the 
United Kingdom is competing with the rest of the 
world. When your overseas customers are setting up 
a new facility, machine tools will be received from 
various countries, and the comparisons made at such 
a time can have a lasting effect. As an example, one 
of the writer’s early experiences was to receive two 
similar machines, one English, one Swiss, both from 
leading firms. They arrived within a few days of each 
other to be installed in a new plant. 

The Swiss machine was preceded by one copy of 
the Instruction Manual, giving vital information 
clearly and lucidly. The machine subsequently arrived 
in a case with the top and sides screwed into place, 
so that they had merely to be unscrewed to open it 
up. Inside the case, all accessories were separately 
packed in smaller cases, the tops of which were nailed 
to place through cardboard collars, so that the nails 
could be easily and speedily removed. The machine 
itself, on the base of the main case, had tied to a 
prominent handwheel a photograph stuck on to 
cardboard, showing exactly how it should be lifted 
(the photo was also in the Instruction Book). A 
further copy of the Instruction Book, and _ full 
packaging lists, were included in the main case. Need- 
less to say, the machine was completely inhibited 
against rust and was rapidly cleaned and put into 
service. 

Not so the English machine. This arrived in a 
sturdy box, surrounded by a large lifting frame, all 
evidence of good packaging. However, having 
removed the lifting frame, we were confronted with 
tongue and grooved boarding which just couldn’t be 
removed without breaking up. At the corners, we 
discovered that the case had been nailed in both 
directions, so that whole sides could not be 
removed, and thus removal of individual boards had 
to proceed. Then we discovered that all the acces- 
sories were wired on to the main heavy timber 


592 


frame of the case, gearwheels, arbors, electrical 
equipment, etc. So the unpackaging had to continue 
carefully, employing two men, removing accessories 
as they became accessible, breaking board after 
board, until, after two days, we were left with the 
machine on the base of the case. Then the problem 
arose on how to lift it. It was necessary to lower 
it to place by crane, into an air-conditioned room, so 
that normal jacking and rolling techniques could not 
be applied. Since we had no Instruction Book we had 
to devise our own lifting arrangement, and ultimately 
had to remove a large switch panel in order to place 
slings around the machine. When in place, and wired 
up, the machine was slowly turned over, and we were 
horrified to find various shafts rusty in parts that were 
not visible to the original packer. Thus all this had 
to be cleaned. Finally, since no Instruction Book was 
supplied, it was necessary to dismantle completely the 
automatic feed box, since we had no idea of its 
workings or settings. 


a common occurrence 


Whilst that was probably one of the most extreme 
cases, similar experiences are common, and as each 
item of plant arrives, I regret that I fee! that the 
U.K. export trade has suffered greatly because of its 
lack of attention to this subject. 

Failures which could be listed include such items as 
neglect to fasten on the grinding head of a 
cylindrical grinder, which we found had fallen off the 
bed of the machine during transit; the use of plastic 
labels, which swell and break away from the machine; 
and the repeated failure to rust-proof and inhibit. A 
recently received instrument lathe was found to have 
extensive rust inside the saddle, whilst the slides on 
an erosion machining unit were so badly rusted that 
the unit had to be replaced. 

In contrast to these remarks, almost all Continental 
equipment and machinery has been packed with care 
and received in first-class condition. A recent example 
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we have had was a large Swiss jib borer which was 
expertly packed. In addition to the usual precautions, 
every case had its individual packing list, clear 
labels were attached to all parts of the machine, 
lifting instructions were lucid and, in places, teflon 
strips had been inserted between sliding surfaces to 
prevent damage and corrosion in inaccessible places. 
Throughout, it gave one a_ sense of confidence in 
the machine and in its makers, who obviously think 
enough of their products to insist on only the highest 
grade of packing. 

This apparently does not apply to some U.K. 
manufacturers. During a visit last year, I took this 
matter up with several machine tool makers, and 


frequently the reply was to the effect that the firm 
relied on some crating firm who “know all about 
packing and export”. My feeling is that such a 
policy must lead to giving one’s work to the firm 
which quotes the lowest price, and this cannot be 
consistent with the highest quality. Quality in pack- 
ing is not money wasted. It gives confidence to the 
recipient, and reflects the quality of the goods. The 
fact that insurance pays for damage and recondition- 
ing is not money wasted. It gives confidence to the 
manufacturing firm to supply to the purchaser, the 
goods he offers in the condition in which they leave his 
factory. If this is not done, the U.K. export trade will 
continue to suffer. 





Written discussion on Papers appearing in the Journal, 
or comment on any subjects of interest to production engineers, 
is invited for publication in the Journal. Contributions should be addressed to 


The Editor, 10 Chesterfield Street, 
Mayfair, London, W.1. 


“QUANTITY PRODUCTION OF MOTOR-CAR ENGINE COMPONENTS ” — concluded from page 589 


conclusions 

It has been proved during the introduction of 
this new engine that a direct feed of components 
from the machining lines to the assembly line is not 
practicable. In the event of a machine breakdown, 
or the production of a batch of faulty components, a 
stoppage of the assembly track is inevitable until the 
machine is repaired, or until the cause of the faulty 
components is traced and corrected. 

To overcome this problem, conveyors should be 
used wherever possible, between the end of the 
machining lines and the assembly track. These con- 
veyors, besides transporting the finished components 
to the required assembly point, should carry sufficient 
components to form a “buffer stock” between the 
two sections. 

Another subject to which far more attention could 
be paid in almost any Machine Shop is materials 
handling. 

Analysis shows that, in most cases, more time is 
spent on handling components than in machining 
or processing them. The greater the rate of produc- 
tion, the more pronounced this becomes, as pro- 
duction methods are usually broken down into more, 
but shorter, machining operations, resulting in 
increased handling of the component. The ideal con- 
dition is automatic transfer and inspection between 
operations. 


Machining methods also are always open to 
umprovement. There are few instances where a 
Saving in costs cannot be shown by the introduction 
of new methods, but great care must be taken to 
ensure that the resultant saving justifies the expense 
involved and does not reflect adversely on the quality 
of the finished component. 

Dust extraction, although adopted in this instance 
main'y to ensure a clean condition for engine 
assembly, has proved very successful in maintaining a 
clean atmosphere, particularly on heavy stock re- 
moving operations such as the milling of cylinder 
block castings, and has since been adopted in other of 
the Company’s machine shops. 

It is essential for the smooth introduction of such 
a project as this engine for the management to take 
the shop floor workers into their confidence and 
explain to them, through their official representatives, 
the broad outline of the project. Far greater co- 
operation will be obtained if the man on the shop 
floor knows the object in view. 
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Dr. S. Eilon, Member, formerly Associate Pro- 
fessor in Industrial Engineering, Israel Institute of 
Technology, has returned to England and _ has 
been appointed Reader in Production Engineering at 
Imperial College, London. 

Mr. R. W. Hancock, Member, has _ been 
appointed General Manager of the Bristol branch of 
Fredk. Braby & Co. Mr. Hancock is a member of 
the Institution’s Finance and General Purposes Com- 
mittee, and a past Chairman of the S.W. Region and 
of the Western Section. 

Mr. D. D. Loweth, Member, Senior Partner in 
the consultancy firm of Loweth & Partners, has been 
appointed Chairman of that Company. 

Mr. R. B. MacKinnon, Member, has been 
appointed Director and General Manager of the 
Glasgow factory of Fredk. Braby & Co. Prior to his 
move to Glasgow, Mr. MacKinnon was Chairman of 
the Western Section. 


Mr. Alec Miller, j 
Member, has taken up the oe 
appointment of Chief — fox 
Engineer to The New ‘ ee 
Standards Engineering Co. = 
Ltd., Bombay. Mr. Miller = 
is Chairman of the Bombay id 
Section. 


Mr. John Pitchford, Member, has been 
appointed Director (Commercial) of H. W. Ward 
& Co. Ltd., Selly Oak, Birmingham. 











Mr. R. S. Bumstead, Associate Member, has 
recently returned to England to take up an appoint- 
ment as Instructor (Management Studies) at the 
R.E.M.E. Officers’ School, Arborfield. 

Mr. K. A. Crago, Associate Member, has relin- 
quished his position with A.E.I.-Hotpoint Ltd., to 
join the staff of the National Union of Manufac- 
turers’ Advisory Service. 

Mr. G. A. Daniell, Associate Member, has 
recently relinquished his appointment with Bristol 
Aircraft Limited, in order to take up the position of 
Chief Production Engineer with Geo. Bray & Co. 
Ltd., Leeds. 


Mr. H. Haigh, Associate Member, is now Works 
Manager of Messrs. John C. Carlson Limited, 
Ashton-under-Lyne. 

Mr. C. L. Mawhood, Associate Member, has 
taken up an appointment as Education Officer 
(Technical) at the Hong Kong Technical College. 


Mr. Colin Needham, Associate Member, has 
been appointed Director (Technical) of H. W. Ward 
& Co. Ltd., Selly Oak, Birmingham. 


Mr. J. K. Foden, Graduate, has been awarded 
a Sir Joseph Whitworth Fellowship and as a result 
will be attending the Carnegie Institute of Techno- 
logy, Pittsburgh, Pennsylvania, U.S.A. to study for 
an M.S. in the School of Industrial Administration. 

Mr. N. N. Ghulati, Graduate, of the Bombay 
Section, is at present visiting Czechoslovakia for 
advanced training in the cement industry. 
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October 12th ... a The 1959 E. W. Hancock Paper, at the University of Bristol. 
Speaker: Mr. R. A. Banks, Director in charge of Group C (Ammonia and 
Agriculture) (formerly Personnel Director), L-C.I. Ltd. 
Subject: “ Human Relations in Industry.” 


November 19th ae The Annual Dinner, Dorchester Hotel, London, W.1. 
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Subject: “Production Engineering Developments in Russia.” 


March 17th, 1960... The 1959 Viscount Nuffield Paper, at the Rankine Hall, Institution of Engineers 
& Shipbuilders in Scotland, Glasgow. 
Speaker: Dr. C. Timms, M.I.Prod.E. 
“Recent Developments in Spur and Helical Gears.” 
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specified by 
NORTHERN ALUMINIUM GO. LTD. Banbury 




























To meet the requirements of British 
Standard or Ministry of Supply 
specifications, Northern Aluminium 
maintain rigid technica! control throughout 
production. In line with this insistence 
on top quality, they use DIXOL OILS, as 
lubricants and coolants, in their 
Banbury Works. 

This is a plant of yet another famous 
Company to place complete trust in 
Wakefield-Dick production oils. These 
tried and proven lubricants can help you 
in your plant. They are technically the 
most advanced in the world and for 





dependability and economy are 
unsurpassed. “Cutting and Metalworking 
Oils” is a booklet which shows how 
output efficiency can be increased while 


The ‘hot-rolling’ of an aluminium-alloy ingot in a 
two-high reversing 84-in. Brightside mill, using clear 
Dixol soluble oil emulsion as a coolant and lubricant. 
The emulsion, in a dilution of 14%, is applied economies are being made. May we 
by spraying on to both the rolls and the ingot. send you a complimentary copy? 


The Guiding Light in Lubrication 


WAKEFIELD-DICK INDUSTRIAL OILS LTD. 
67 Grosvenor Street, W.1 


A MEMBER OF THE WORLD-WIDE WAKEFIELD CASTROL GROUP 
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There’s talk of Sykes 


in the boardrooms... 


‘The works director of a well-known British company 
recently telephoned the Sykes factory at Staines. He 
explained that his firm wished to increase the horse-power 
of an existing engine without altering the structural 
design of the gear box. Was it possible, he wanted to 
know, to achieve this by the use of Sykes double-helical 
gears; would the consequent increased power give rise to 
undue noise and vibration; and, most important, would 
the modification step up his production costs? 
Fortunately for him, this was the sort of problem which 
Sykes are exceptionally well qualified to tackle. Years of 


work at their main business of supplying first-class gear 


generating equipment—hobbers, shavers, shapers, cutters 
—have left them with a rich store of practical experience 
and expert knowledge. And through their Technical 
Sales Advisory Service, this accumulated knowledge is 
available to anyone who wishes to benefit from it. 

In this particular case, for example, Sykes sent a 
technical representative to examine the designs for the 
job. As a result Sykes advised certain additional modifi- 
cations to the gears; and then—although this was not 
strictly in their field—their long experience enabled them 
to suggest how any possibility of noise problems could be 


avoided by a small internal adjustment to the housing. 


PR, 


Talk to SYKES about gear production 


cus 






W. E. SYKES LTD - STAINES - MIDDLESEX - ENGLAND and associated companies: Sykes Tool Corporation Ltd, Georgetown, Ontario, Canada 


Sykes Machine & Gear Corporation, Newark, NJ, USA - 


W. E. Sykes Ltd, Mascot, Sydney, Nsw, Australia 
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EINE ei sia Sicks padi paeusien¥anuer canes Liverpool Graduate BON UMN iss cosacssasanvnaseesonibe sense ee ruyee Sheffield Graduate 
PUMMMI oho oct Ls, cewdansesesarcnes kent London Graduate TCG NN SS oc dela osbocankve testes ce Western Graduate 
REMIND 2. Suan sbasspeisssipaabanssexeieees Luton Graduate EAE MRUMIM Sccconvinoncpusbacnbcbes Wolverhampton Graduate 
ee RD ooo S Los cob copacwsotnannery Manchester Graduate 


REGIONAL HONORARY SECRETARIES 


East & West Ridings ase J. Keightley Northern Ireland ... esis J. G. Easterbrook 
Eastern... Pie os A. B. Brook Scotland ... ae sos J. Nicolson Low 
Midlands ... ae sbi A. C. Turner South Eastern =e J. Aikman 

North Midlands ... as J. Cox Southern ... ee fee W. F. Reid 
Northern ... - South Western... oi A. Eustace 


North Western ... pei J. P. Speakman Wales ~~ “= see A. E. Haynes 
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Adelaide (South Australia) ... 

Melbourne ( Victoria, Australia ) 

Melbourne Graduate — 
Australia) . 

Sydney ( Mow South Wales) 


Canada 


Bombay 
Calcutta 


New Zealand 


South Africa .. 


Birmingham ... 
Cardiff 
Cornwall 
Coventry 

Derby 
Doncaster 
Dundce 
Edinburgh 
Glasgow 


Gloucester 
Halifax & Huddersfield 
Ipswich & Colchester 


Leeds 

Leicestcr & District . 

Lincoln 

Liverpool sae sen eae 
London ane wah one 
Luton 

Manchester ... aie 
Newcastle upon Tyne oe 
Northern Ireland i ae 
Norwich eve nae ane 
Nottingham ... axa cae 
Oxford eee 

Peterborough 

Preston ase 

Reading 


Rochester & District. Eee 
Sheffield are cee aes 
Shrewsbury ... cia eae 
Southampton oes nae 
South Essex ... ae was 
Stoke-on-Trent 

Swansea eee sn sae 
Tees-Side 

Western . sine 
Wolverhampton eee 
Worcester 


SECTION HONORARY SECRETARIES 


AUSTRALIA 


H. M. Coombes, 11 Elmo Avenue, Westbourne Park, Adelaide, Australia. 
G. Jones, 13 Laburnum Street, Middle Brighton, Victoria, Australia. 


K. Stephenson, 5 Olinda Street, Glen Waverley, Melbourne, Victoria, Australia. 
. G. Slorach, 98 Church Street, Castle Hill, New South Wales, Australia. 


7m po 


CANADA 


A. M. Hand, 18 Rintella Court, Scarborough, Ontario, Canada. 


INDIA 


R. D. Mistry, “ Churchgate House”, 32 Veer Nariman Road, Bombay, India. 
P. J. O’Leary, c/o Guest, Keen, Williams Ltd., 41 Chowringhee Road, Calcutta, India. 


NEW ZEALAND 


G. Stedman, 3 Harrison Avenue, Belmont, Takapuna, Auckland, New Zealand. 


SOUTH AFRICA 


. Aitken, 209-211 Pharmacy House, 80 Jorissen Street, Johannesburg, P.O. Box 10837 


A 
South Africa. 
UNITED KINGDOM 
W. Silberbach, 44 Linwood Road, Handsworth, Birmingham, 21. 
A. E. Haynes, c/o A. B. Metal Products Ltd., Abercynon, Glamorgan. 
F. G. Hawke, 3 Bellevue Terrace, East Hill, Tuckingmill, Camborne, Cornwall. 
A. S. Hopkins, 39 Oaks Road, Kenilworth, Warwicks. 
P. Warburton, 16 Vicarage Road, Chellaston, Derby. 
G. RR Wimpenny, 16 Tickhill Square, Denaby Main, Doncaster. 
A. J. Fraser, 51 Fintry Drive, Dundee. 
D. A. Bowman, The Scottish Council (Dev. and Ind.), 1 Castle Street, Edinburgh. 
W. H. Marley, North British Locomotive Co. Ltd., Diesel Engine Division, 111 Flemington 
Street, Glasgow, Nea: 
B. E. Gwynne Clarke, ‘“ Chez-Nous””, Okus Road, Charlton Kings, Cheltenham. 
C. W. Overin, 353 Whitehall Road, Westfield, Wyke, near Brad ord, Yorks, 
M. D. Blake, Davey, Paxman & Co. Ltd., Standard Ironworks, Colchester, Essex. 


J. Keightley, 42 Kingsley Avenue, Adel, ’Leeds, 16. 
. A. Stovin, 14 Queens Drive, Leicester Forest East, Leicester. 
H. Wright, 101 Longdales Road, Lincoln. 
+ Mason, 51 Stairhaven Road, Liverpool, 
. R. H. Palmer, Creed & Co. Ltd., Tele Bact House, Croydon, Surrey. 
I. 'F. W. Galyer, Engineering Department, uton & South Bedfordshire College of Further 
Education, Park Square, Luton, bedfordshire. 
. P. Speakman, 223 Douglas Road, Atherton, near Manchester. 
. E. Glasper, 24 Beldene Drive, High Barnes, Sunderland. 
. G. Easterbrook, “ Hilleen”, 22 Ascot Park, Knock, Belfast. 
I, Hilder, 2a Gorse Road, Thorpe, Norwich. 
K. Liquorish, 28 Mona Street, Beeston, Nottingham. 
F. S. Chappell, 58 Lancut Road, Witney, Oxfordshire. . 
N. Holmes, ‘“ Arncliffe”’, 11 Mary Armyn Road, Orton Longueville, Peterborough. 
W. H. Preston, 25 Clifton Avenue, Leyland, Lancashire. 
Ls 3. FE Daughtrey, 26 Hartsbourne Road, Earley, Reading, Berkshire 
W. G. Clements, 11 Charing Road, Gillingham, Kent. 
W. Edwards, c/o E. Pryor & Son Ltd., West End Works, Broom Street, Sheffield, 10. 
W. M. Buchan, Llanberis, 36 Mytton Oak Road, Shrewsbury. 
J. W. Taylor, High Mead, Kane’s Hill, Thornhill, Southampton. 
F, Hopkinson, * ‘Woodley ”, * 40 Highfield Road, Chelmsford, Essex. 
E. J. Averill, “ Berry Dale » 87 Hunters Way, Penkhull, Stoke-on-Trent. 
Cc. hk, Clarke, 11 Alder Road, Cimla, Neath, South Wales. 
W. Roberts, “Rosecroft”, Thirsk Road, Yarm-on-Tees, Yorkshire. 
A. Eustace, 19 Ferndale Road, Northville, Bristol, 
Went Vaughan, “Windsor ”, 24 Windermere Road, Palmers Cross, Tettenhall, Staffs. 
R, Wheeler, Old Farm House, 7 Parish Hill, Bournheath, near Bromsgrove, Worcestershire. 


a 


=— 





CORRESPONDING MEMBER IN MIDDLE EAST 
J. Merkine, 45 Arlozoroff Street, Ramat-Gan, Israel. 


CORRESPONDING MEMBER IN RANGOON 


J. T. Foster, Office of the Principal, Regional Marine Diesel Training Centre, 
Dalla Dockyard, Inland Water Transport Board, Phayre Street, Rangoon, Burma. 


CORRESPONDING MEMBER IN WEST AFRICA 


H. P. Halfter, Gold Coast Railways & Harbour Admin., 
P.O. Box 202, Takoradi, Ghana, West Africa. 


GRADUATE SECTION HONORARY SECRETARIES 
Birmingham ... = eee J. R. Brownsword, 202 Buryfield Road, Solihull, Warwickshire. 


Coventry — ee sa E. R. S. Marrs, 15 Montrose Avenue, Lillington, Leamington Spa. 
Leeds vy coe one T. Robinson, 764 York Road, Leeds, 15. 

Liverpool 3 ek = J. R. Jones, 9 Beaumaris Drive, Thingwall, Wirral. 

London one one sox B. W. Jenney, 58 Langdale Gardens, Perivale, Middlesex. 

Luton ae = — D. A. Slough, 41 Felix Avenue, Luton, Bedfordshire. 
Manchester ... Sei a R. Whitehead, 60 Travis Street, Hyde, Cheshire. 

Newcastle upon Tyn “= M. Dewhurst, 6 Gerrard Road, Whitley Bay, Northumberland. 
Rochester & District wae D. M. Samson, 123 York Road, Maidstone, Kent. 

Sheffield bee one ys P. Brown, 21 Rowan Tree Dell, Totley, Sheffield. 

Western <u sop — R. E. Everhard, 25 Boverton Road, Filton, Bristol. 
Wolverhampton a ose I. R. Jones, “Shalimar”, Clive Road, Pattingham, Wolverhampton, Staffordshire. 


LOUGHBOROUGH COLLEGE STUDENT SECTION 


Chairman : 
A. Roberts, 32 Duncan Road, Aylestone, Leicester. 


Honorary Secretary: 
J. Fairbrother, Dept. of Industrial Engineering, College of Technology, Loughborough, Leics. 


MATERIALS HANDLING GROUP 


Chairman : 
F. E. Rattlidge, Evered & Company Ltd., Smethwick, 40, Staffordshire. 


Secretary: 
I. B. King, Assistant Education and Technical Officer, 10 Chesterfield Street, London, W.1 


EDUCATION DISCUSSION GROUPS 
London Centre 


Chairman : 
C. C, Spanswick, 24 Mill Drive, Hove, 4, Sussex. 


Honorary Secretary: 
D. R. C. Holmes, 35 Sandringham Drive, Ashford, Middlesex. 
Midland Centre 


Chairman : 
W. L. Jackson, Senior Lecturer in Production Engineering, Chance Technical College, Smethwick 


Honorary Secretary: 
N. Ward, 88 Sutton Oak Road, Streetly, Sutton Coldfield 
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This... | ...1s a line we’re not shooting! 


New, dramatically improved Mobil DTE Oils give a balanced protection 
and service performance that no other oil on the market today can equal. 


New Mobil DTE Oils for hydraulic and circulating systems have 

many specific advantages which, taken together, make a convincing reason for 
preferring them to any other oils of their kind. Here are some of the 
advantages you will get if you use new Mobil DTE Oils: 


LONGER OIL LIFE uw 


STABILITY AT ALL TEMPERATURES w 


NEW 

balanced 
Mobil DTE Oils 
for protection 
and performance 
no other oil 
can equal 


FREEDOM FROM DEPOSITS a 
PROTECTION AGAINST RUST AND CORROSION W~ 


QUICK SEPARATION FROM WATER W~ 


LESS WEAR we 


ASK THE MAN FROM MOBIL 


This line is no exaggeration. It is the plain truth, 

proved in careful tests against other well known hydraulic and circulating 
oils. The line down our left-hand margin is taken from a chart of these 
tests. Ask your Mobil representative to show you the chart. He will 
explain how, on balance—on the results of all the tests— 

new Mobil DTE Oils show a clear advantage that can mean lower 

costs and improved production in your business. 





MOBIL OIL COMPANY LIMITED, LONDON S.W.1 
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Here at the Wishaw factory of Smiths Clocks & Watches, 
a division of S. Smith & Sons (England) Ltd., they make 
time—or at least time pieces. Manufacturing a large 
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MMAG 


proportion of Smiths clockwork alarms, industrial timers 
and domestic ringers, the factory produces some fifteen 


\N 


to twenty thousand units daily, over a quarter of which 
are exported. Four brazed components are fitted to 


MON 


each of these clocks and are brazed in a 20 kW Birlec 
mesh belt conveyor furnace. On the average the 


AY 


furnace works 18 hours a day for five days a week. 


NG 


A 


* The cost of a furnace is not necessarily its purchase 


\ 


price. Any interruption in production may cause serious 
losses in output, particularly in modern factories where 
stocks are deliberately streamlined. The purchaser of a 
Birlec furnace can be confident that the equipment will 






not only meet his specification but will give uninter- 






rupted trouble-free service. 














EXTRA SPECIFICATION FURNACES * 





LiIiMItTteEoD 


An A.E.|. Company 
ERDINGTON ¢ BIRMINGHAM 24 « Tel. EASt 1544 







LONDON : SHEFFIELD . GLASGOW 


oy, Jencaigebienl - .abbebeeseoss 
illic 







_ ees 


Yj fl 
"ff Yjj$$J$!@—’ 








SM/B5021 

















Inc 
din 


int 





rnal 


3 
(=) 


SQ W’—"D'iWW LC npr I I IL IID AQT 


Q GM. 









The Institution of Production Engineers Journal A45 





Introduce 
a 
hew concept 


The Teddington Gauging Service 
includes the Design, 
Development and Manufacture of 
special purpose equipment 

for integrated manufacturing 


operations. 


aa 08) Pw omer-velerl le 


Designed and Manufactured by Teddington 
Industrial Equipment for the inspection of 7 
dimensions at once and simultaneous segre- 
gation of Tapered Roller Bearing Outer Races 
into 6 Classes at 900 races per hour. 


Supplied to British Timken Limited. 


TEDDINGTON INDUSTRIAL EQUIPMENT LIMITED 
Sunbury-on-Thames, Middlesex. 


Telephone: Sunbury-on- Thames 600. Grams & Cables : Teddequip, 
Sunbury-on-Thames, Telex. Telex : 2-2742 Teddcontsnbry. 


TIE 73 
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Here is an interesting application of the “ Maxipilot” 
Automatic Multi-Cycling Hydraulic Copying Lathe. Bar is 
automatically fed through to the tailstock centre, which also 
acts as an end stop. The locating chamfer and diameter have 
been machined prior to parting off the overhead slide. The 
front tool is employed for copy turning and the rear slide 
tools form grooves etc., in the component. Automatic 
unloading equipment is fitted and can be seen clearly in the 
close-up view. 

This particular machine is arranged with stock carriage to 
accommodate 12—1 in. dia. bars or 24—4 in. dia. bars X 10 ft. 
6in. long. The basic “ Maxipilot”, however, accommodates 
work up to 94 in. dia. over cross slide and 20in. or 32in. 
between centres. 


DRUMMOND BROS. LTD. 


GUILDFORD - ENGLAND 





Sales ond Service for [A™REROAT™! the British Isles 


DRUMMOND-ASQUITH LIMITED 








Alco at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Central 0922 
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pilot” 

Bar is 

sh also 

r have 

e. The 

r slide 

nail IN-LINE TRANSFER MACHINE 

: e 

in the FOR CYLINDER BLOCKS ‘ 

Two 3 h.p. Asquith Unit Heads which finish rean 
jage to the crankshaft and camshaft bores. 
10 ft. This Asquith 14-station in-line transfer machine provides, 
odates among other operations, for semi-finish and finish boring 
- 32in. crankshaft and camshaft bores; boring and facing a recess 

for the oil pump; milling thrust bearing faces on the central 
crankshaft bearing and reaming the crankshaft and camshaft 
> bores. A split liner bush is also pressed in and fine bored 
° in position. 
WILLIAM ASQUITH LTD. 
HALIFAX - ENGLAND te 
Hydraulically operated pressing station for in- 
serting liner bushes. 
Sales and Service for 18 ne FeO the British Isles 
DRUMMOND-ASQUITH LIMITED 
Se eeeeaeell a 








31 0922 KING EDWARD HOUSE. NEW ST.. BIRMINGHA Phone: Midland Bice ot LONDON Phone Lec 2 
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Rapid, 
high-quality 
photoprinting 


and no ventilating system required 


The Ilford AZOFLEX Model 246 Combine printing 
and developing machine (formerly known as Model 
46/35) is designed for use in the print room of the large 
drawing office. It does not produce unpleasant fumes 
and special ventilating systems are thus unnecessary, 
making it a simple matter to move the machine to a 
new position at any time. 


The Institution of Production Engineers Journal 
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ia © Exposure, development and print 
delivery synchronized for simplicity 
of operation. 


@ All controls conveniently located for 
rapid, effortless adjustment. 


@ Pneumatic-assisted handling of 
originals and sensitised material to 
obviate fatigue. 


® Complete design co-ordinated for 
exceptionally high potential output. 


®@ Excellent mechanical layout giving 
silent, vibrationless running. 


® Comprehensive maintenance service 
available at nominal cost. 


Capacity: rolls and cut sheets up to 42 in. wide. 
Printing speed: from 2 ft. to 30 ft. per minute. 
Lamp: H.P.M.V. quartz, 3,000 watt. 
Dimensions: height, 58 in., width, 72 in., depth 
(tray extended) 80 in. Weight : approx. 1,400 Ib. 
Subject to certain conditions, the majority of 
AZOFLEX photoprinting machines can be hired 
as an alternative to outright purchase. 


ILFORD Bxeie 


PHOTOPRINTING MACHINES & MATERIALS 


Fuli details from 
ILFOR DLIMITED, IN DUSTRIAL SALES DEPT .AZI8AA 
ILFORD, ESSEX. TELEPHONE: IL Fora 3000 
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Monks & Crane Ltd 


BRITAIN’S FOREMOST DISTRIBUTORS 


BIRMINGHAM GLASGOW 
LONDON NEWCASTLE-ON-TYNE 
MANCHESTER LEEDS & BRISTOL 
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the choice 










of the motor 


~ 





EFCO 


furnaces 


manufacturer... 






TT est 
ay 


An installation of pit type furnaces with separate cooling 
chambers and oil and water quench tanks for carburising 


and hardening motor gear box parts. 








r 
Austin, Ford, Humber, and 
other leading motor manufacturers chose Efco 
Furnaces for hardening, gas carburising or 
carbonitriding gear components. Cc 
When you decide on Efco furnaces you may ns 
pick from the best of the World’s current ves 
. . . . . . ' ‘ 
designs. For carburising and carbonitriding Mi 
; ; an 
there are both vertical and horizontal closed Humber Ltd chose Efco-Lindberg horizontal closed quench | as 
quench furnaces, and vertical furnaces with furnaces for carburising and carbonitriding gear compo- ao 
separate cooling chambers. For hardening nents. The furnaces are electrically heated with Corr- M, 
: . . : therm elements. 
there are many continuous designs including der 
shaker hearth, roller hearth and pusher Cor 
furnaces, col 
Mé 
cor 
BEST OF THE WORLDS ries 
CURRENT FURNACE DESIGNS or! 
exp 
ope 
= 
ELECTRIC RESISTANCE FURNACE CO. LTD. ; 
NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY - Weybridge 389!. 8 
Associated with Electro-Chemical Engineering Co.Ltd. 4 
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For unfailing operation 
under all conditions 


Watts, Blake and Bearne 


rely on M AX AM 


Correct sequence and dependable full-bore opening are 
essential for the remote control of valves controlling the 
flow of china clay slurry from settling tanks via pressure 
vessels to filter presses. At the Cornwood quarry of 
Messrs. Watts, Blake and Bearne, the pipeline valves over 
an area of several acres are operated pneumatically from 
a single control panel adjacent the filter presses. The 
six-inch diameter slurry pipelines, Tee-port valves, 
MAXAM control valves and MAXAM pneumatic cylin- 
ders are exposed on high moorland country, but the 
control system never fails—even when adverse weather 
conditions may affect the operation of the equipment. 
MAXAM pneumatic/hydraulic equipment has proved 
completely reliable in every undertaking—mines, quar- 
ries, sand and shingle excavation sites, cement handling, 
or road-stone grading and coating plant—where dust and 
exposure would normally cause rapid wear and unreliable 
operation of controls manufactured to traditional patterns. 





Fluid Power Equipment 


FLUID 
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POWER 


In fast, automatic machines designed for the re- 

peated operation of several interlinked sequences 

necessary in flow production, MAXAM valves, 

cylinders and associated products have similarly 

demonstrated prompt, precise and unfailing re- 

sponse : 66% of current production is for companies 
whose designers—with experience of MAXAM performance and 
reliability — have planned their future flow production machines with 
MAXAM Fluid Power in mind! 


If youare a Chief Draughtsman, Works Manager, Production Head, 
or other person seriously interested in safely increasing productivity, 
please send for our catalogue. 


MAXAM POWER LIMITED 7 


Camborne, England. Camborne 2275 (10 lines) 
London Office: 
44 Brook Street, W.1. HYDe Park 9444 


A company in the Holman Group which has branches, technical represen- 
tatives and agents throughout the United Kingdom and the world 


eGarovur 
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Mass Production Units 





TERRYS BELLEVILLE WASHERS— 
“outstanding success ” in 
10-ton power press 


In this heavy-duty press, which raised and closed 
with a continuous vibratory feed at 50 per minute, 
Pressure Springs were required for press work dies. 
Normal helical compression springs were failing 
in from 3 to 4 days. After investigation, it was 
found that in this particular application, the 
normal compression spring was totally unsuitable 
for the duty it had to perform. 

Terrys designed a special series-parallel stack of 
Belleville washers which took the place of the com- 
pression springs. These dies have now been in 
operation for nine months without failure and are 
still functioning successfully. Estimates show that 
these dies have now produced over five million parts. 





Diagrammatic illustration of the use of Belleville Washers 


TERRYS GIRCLIPS 


circlips and a deflection chart for Belleville 
Washers, now used extensively in press tool work. 


‘@) C }” to %” diameter. May we send you samples of 


oO 





TERRYS 


@131 HERBERT TERRY & SONS LIMITED, REDDITCH, ENGLAND 
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FOR GREATER VERSATIUTY- EFFICIENCY- ACCURACY 











_— Brown & Sharpe/— 


No. 5 TOOL AND CUTTER GRINDER 


Designed specifically for sharpening cutters and tools efficiently, 
simply and quickly, the No. 5 merits the careful consideration 
of all users of such equipment, particularly in the field of 
sharpening smaller cutters and end-mills. Additional equipment 
which is available increases the variety of operations easily 
performed on this machine. Outstanding features of this new 
design include :- 








Double-ended ball-bearing wheel spindle (super-precision, 
permanently sealed, grease lubricated bearing). 


Ingenious roller-bearing table. 
4-location table crank or knob. 


” 


” 


Centres : Swing, diameter ... on ae 
I Takes length a a“ snp Ne 




















No. 10N CUTTER AND TOOL GRINDER 
With Universal or Plain Equipment 


The No. 10N with Universal Equipment includes 
revolving spindle headstock equipment, internal 
grinding attachment, formed cutter sharpening attach- 
ment (in-feed type) and surface grinding vice. The 
No. 10N with Plain Equipment is available for those 
whose sole concern is cutter and tool sharpening. 


Operating controls at both front and rear of table. 
Unit type double-ended anti-friction bearing wheel 
spindle. Sliding table mounted on arrangement of 
precision-ground steel rollers. Carriage design 
eliminates tendency to ‘ twist’ on its ways. Eye-level 
spindle-elevating handwheel. 


Centres : Swing, diameter... wee é 
Takes length én a ae 

















Sole Agents in.the British Isles : 


BUCK & HICKMAN LTD. 


Machine Tools : Otterspool Way, Watford By-pass, Herts. Head Office : 2/8 Whitechapel Road, London, E.|. 


Branches : Alperton, Birmingham, Bristol, Leeds, Manchester, Glasgow. 
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2, in dia.-75 Carbon Steel, 
En.42. Tungsten Carbide and 
H.S. Steel Cutting Tools 











Tool Position Spindle Surface Feed 

LATHE DESCRIPTION OF OPERATION Speed Speed Cuts 
Hex. Turret | Cross-slide R.P.M. | Ft. per Min.| per inch 

Fitted with 12in Tudor 

3-Jaw Chuck 1. Feed to Stop and Start Drill - - . - | = 350 — Hand 
2. Support and Rough Form yer - - - 2 (Front || 100 66 Hand 
Rough Form Head - - - - -| — |\Front 2} 100 66 Hand 

Drill and Rough Knee Turn2” dia. - - + 3 — 2.00 161 266 
4. Finish Turn and FaceD_ - - - | — Front 3| 700 440 Hand 

5. Profile Turn C (Copy Attachment) - . -| 6 Rear 700 440 186 
6. Rough Bore Bottom - - - -| 4 — 170 75 Hand 

Floor-to-Floor Time 7. Microbore 144” dia. ‘So ee ee — 1000 | 442 266 
a 8. Finish Bore Bottom, Face and Chamfer - -| §& — 70 30 Hand 
i art SS a a ae Ee ed ee 126 | Hand 
































eC) —SELLY.«OAK 
Wy: BIAMINGHAM 29 


LTD TELEPHONE SELLY OAK 1/13] 





W657 
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Grinding Components for Marine and Aeronautical Equipment 
to Fine Limits at 
Sperry Gyroscope Co. Ltd. on 


THE CHURCHILL MACHINE TOOL 


Broadheath, nr. Manchester. Co. Ltd. Chu re lhullll 


Export Sales Organisation 
ASSOCIATED BRITISH MACHINE TOOL MAKERS LTD, MODEL NB i8 xX 6iN. 


sae eal Agents HORIZONTAL SURFACE 
ome Selling Agents GRINDING MACHINES 


CHARLES CHURCHILL & CO. LTD. 
Birmingham & Branches 


Cé6é7i-ID 





The Institution of Production Engineers Journal 








5 
ph S? 
a 


Be 


SURFACING & SCREWCUTTING 
LATHE ALL IN ONE MACHINE 


PROFILING) BORING 
SURFACING 


TURNING STANDARD SLIDING 
_ 





Be ons oN JOHN LANG & SONS LTD. 


ASSOCIATED BRITISH MACHINE (| }) JOHNSTONE RENFREWSHIRE SCOTLAND 


TOOL MAKERS LIMITED 3 
17 GROSVENOR GARDENS SW! 4 tp & Telephone : Johnstone 46 Telegrams: ‘‘ Lang Johnstone "’ 
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Electrical Aids in Industry 


Lighting -2 





The general principles of factory lighting have 
been dealt with in the previous data sheet (No. 6). 
This one considers briefly certain factors—not 
always fully appreciated —that influence the 
lighting for some particular factory applications. 
The next data sheet will carry the subject further. 


Work benches 


The most universal application of lighting is to 
bench work, for there is no branch of manufacturing 
that does not have its work benches which, of 
necessity, are used for a great variety of occupations. 
No single lighting method is suitable for all cases. 

The introduction of fluorescent lighting has gone 
a long way to solving one of the main problems here; 
for while the high degree of brightness of filament 
lamps tends to preclude their use for individual light- 
ing owing to the glare, the fluorescent tube with its 
greater expanse of light source has made localised 
lighting with a low mounting height morepracticable. 
Moreover, the length of the fluorescent tube puts 
into the hands of the designer a means of controlling 
shadows which, together with glare, probably 
represent the most prolific causes of errors and 
eye-strain. 























With narrow individual benches (not more than 
4 ft. wide), there are four basic methods of localised 
lighting: longitudinal, transverse, diagonal or a 
combination of longitudinal and transverse. With 
wider benches it is not advisable to use fittings 
directly over benches, and fittings should be behind 
the workers at each edge of the bench. Where 
particularly high illumination is required, fluorescent 
fittings may be mounted as local lights—low enough 
for the skirt of the reflector to conceal the lamps 
fromthe eye of the operator. 

It is good practice to use reflectors which allow a 
reasonable amount of light to spill upwards, giving 
a certain amount of general lighting. 


High-bay shops 

Probably the most difficult of all factory lighting 
problems is that of high-bay lighting. In lofty, long 
and sometimes necessarily dirty shops such as those 
which house really large machine tools and overhead 
cranes, which do their worst to defy the efforts of the 
illuminating engineer, it requires great ingenuity, 
coupled frequently with high lamp wattage, to 
provide the workman with enough light to allow him 
to do his job efficiently. From the planer operator 
to the slinger, the workman, though he may not 
know it, is dependent on good lighting if he is to 
avoid an over-cut or a serious crane mishap. 
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Data Sheet No.7 





The major problems associated with the lighting 
of high and relatively narrow shops, such as heavy 
machine shops and foundries, are :— 


(a) Poor light utilisation caused by excessive 
light absorption by the large and often dark 
wall area. 


(b) Preponderance of light flux downwards and 
poor cross lighting causing poor illumination 
on vertical surfaces, and heavy shadows. 


(c) Possibility of heavy light absorption in the 
atmosphere. 


(d) Difficulty of access to high fittings for 
maintenance. 


In high-bay workshops there is a tendency to use 
concentrating fittings so that the maximum pro- 
portion of the light output reaches the working area 
without spread to the 
walls, but the saving in 
wall absorption is ob- 
tained only by accepting 
a depressing environ- 
ment, poor cross lighting 
and heavy shadows. 

In many cases it is 
good practice to accept 
the inevitable reduction 
in light utilisation by 
wall absorption and to 



































reduce this by applying 
light colours to interior surfaces where possible 
throughout. This approach results in more cheerful 
conditions and provides equally good illumination 
values and better cross lighting. Even better is to 
add angled lighting from the sides below crane level. 
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In the conditions obtaining in this type of shop, 
rapid deterioration in light source intensity due to 
dust must be expected. Facilities should always be 
provided for easy access to fittings for cleaning 
and maintenance. 
nn further information, get in touch with your | 
| Electricity Board or write direct to the Electrical 
| Development Association, 2 Savoy Hill, London, 
| W.C.2. Telephone: TEMple Bar 9434. 

Excellent reference books on electricity and 
| productivity (8/6 each, or 9/- post free) are 
| available—“ Lighting in Industry” is an 
| example. 
| E.D.A. also have available on free loan in 

the United Kingdom a series of films on the 
| industrial uses of electricity, including one on 
| Soe lighting. Ask for a catalogue. 
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hands and machines-) 








TRIUMPHS OF SHELL RESEARCH 


ew Shell Dromus Oils 


» Most modern soluble cutting oils contain phenolic 
compounds used as coupling agents between the 
oil and the emulsifier, for better blending and 
easier mixing. These phenolic compounds can 
cause skin irritation, especially where modern high- 
speed machines are used and the emulsion can 
concentrate, through the evaporation of water, 
above the safety level. 

Shell research chemists have been working on 
this problem, which has been causing some con- 
cern to Management. After considerable research, 
the Shell range of Dromus Oils has been reformu- 
lated and these new cutting oils, now bland, consid- 
erably reduce the risk of skin trouble to operators. 

The real difficulty was to find a newcoupling agent 
to replace the phenolic compounds, and Shell finally 
used what their chemists know as a higher fatty 


The Research Story 


alcohol complex. This solved one problem, but pres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant. 
The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the pleasant position of being able to minimise 
working hazards at no extra cost. And machine men 
need no longer be so worried about skin troubles. 
The moral of the story is that Shell research is 
supremely applicational. The centre at Thornton 
is always ready to work with even the most special- 
ised sectors to produce the right oil for the job. 
If you and your organization have any major 
lubricating problems, it pays to get in touch with 
your local supplier of Shell Industrial Lubricants. 





Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
and examined hundreds of expérimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place of 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques. 

Exhaustive testing of blend stability, emulsion stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in fieid trials. 

This field testing and final development proceeded for two years 
whilst production plants were erected at points so chosen as to give the 
most economical and rapid delivery throughout the United Kingdom. 

















This is the blending kettle. The 
reflux condenser beside the stirrer 
motor prevents the loss of con- 
stituents volatile at the blending 
temperature. 


ew ED DROMUS SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 
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Fit Wild-Barfield 
furnaces into 
your production line 








Shaker Hearth Furnace 





A Wild-Barfield furnace will bring immediate advantages. It Continuous and batch type furnaces for: 


speeds up production and helps to cut costs by eliminating NORMALISING 
delays and wasteful handling. Built to the highest standards of HARDENING 

‘ , TEMPERING 
workmanship, these furnaces offer consistent results and 

GAS CARBURISING 

minimum maintenance. The Wild-Barfield Research CARBONITRIDING 
Department is available at all times to advise you on your BRIGHT ANNEALING 
heat-treatment problems. and other applications 


ELECTRIC 


BARFELD 
RFIEL FOR ALL HEAT-TREATMENT PURPOSES 
Sang 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 26091 (8 lines) 
WE 61 
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: | does the work of 4 
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Adjustable to any diameter within its 1/8” limits, each Multibore collet replaces at 
least ten conventional collets. Thus a very small range of Multibore collets will 
handle all sizes of work between 1/8” and 2”. The Crawford Hydraulic Chuck is 
specially designed for use with Multibore collets and will be available in 2 sizes. Each 
incorporates a self-contained hydraulic system, for closing the collet easily and 
efficiently, that making this the most powerful DEAD LENGTH chuck in the world. 





CRAWFORD COLLETS LIMITED fem a 


WITNEY * OXON Telephone: Witney 334 The Crawford Hydraulic Chuck 










London Stockists ; Acbars Ltd., 16-18 Macleod Street, Walworth Road, London, S.E.17. RODney 7191 
Midland & Northern Stockists : Retselp Engineering Ltd., Vulcan Road, Industrial Site, Lode Lane, Solihull, Birmingham. SOLihull 2239 
Agents for Scotland : R. McSkimming & Co., 65 West Regent Street, Glasgow C.2. DOUgias 7391 /2 
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There’s more than 
meets 


Hexagon Socket Screws 


There is far more to NPK Socket Screws than the fact that they are made 
from top-quality electrically melted alloy steel. GKN handle this high-grade 
raw material in a way that makes NPK Socket Screws conform to engineers’ 
standards—the highest known to them. 

GKN technique controls grain-flow and ensures precision and high 
performance. GKN Quality Control—from furnace to finish—makes it possible 
to guarantee that no NPK Socket Screw has a tensile strength of less than 75 


tons/square inch. NPK Socket Screws are as good as they look. 


NPK hexagon socket cap, set, countersunk and shoulder 
screws are available in a wide variety of sizes: 
WEDGLOK self-locking hexagon socket screws and 
NPK hexagon wrenches are also available. 

For price list and technical booklet write to: 

GUEST KEEN & NETILEFOLDS (MIDLANDS) LTD., 


Screw Division: Box 24, Heath Street, Birmingham 18. Telephone: Smethwick 1441, Telex 33-239 — 
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E.N.V. ENGINEERING COMPANY LIMITED 





Spiral Bevel and Hypoid Gears offer many advantages for right angle 
drives where high efficiency smooth and silent running are required. 
E.N.V. specialize in the design and manufacture of straight and curved 
tooth bevel gears. They offer collaboration with engineers from the 
project stage on the design of gears and mountings. They have unique 
facilities for the large-scale manufacture of transmissions including 
final drives, differentials and axles for vehicles and agricultural 
equipment, precision gears for aircraft and gears for industrial applications. 


BNW Fo: car 


HYTHE ROAD, WILLESDEN, LONDON, N.W.10 
LADbroke 3622 
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buttoned up 


by 
MEASUREMENT 










Batch control for a liquid mix nowadays 
requires precise amounts of several ingredients 


to be dispensed in exact quantities. Too often > 


and a mind of his own. MEASUREMENT 
have replaced this uncertain method with a 
system of metered control. The quantities are pre-set on a dialled control panel and 
supplied to the mix, from a remote control point if necessary, at the press of a button. 


Quantities are precise, records are automatic, control is complete and the bucket is out. 


meters are matters for 


MEASUREMENT 


MEASUREMENT LIMITED (A Parkinson Cowan Company) 


Tameside Works, Dobcross, Near Oldham Telephone: Delph 424 (5 lines) Telegrams: Supermeter, Dobcross 





EXPORT ENQUIRIES TO: Parkinson Cowan Group Exports Ltd., 


Terminal House, Grosvenor Gardens, London, S.W.! 








Telephone: Sloane 0111/4 Cables: DISC, London 
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LAPOINTE 





broaching 


Vertical Interna] 
Broaching Machin2 
broaching Crown Wheels 
(bore 74/9” diameter) 
fully automatic loading 


and unloading. 


Capacity : 5/50 tons. 
Broach lengths : 42/68 inches. 
Can be supplied for 
1, 2,3 or 4 stations. 


The Lapointe Machine Tool Co Ltd 
Otterspool Watford-by-Pass Watford Herts 

Telephone Watford 31711/2/3/4 Cables Lapointe Watford 
Also The Lapointe Machine Tool Company Hudson Mass. USA 


British Made 
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Cleaning component parts for 
the new Hoover Junior Gleaner 





At the highly mechanised Hoover Factory at Perivale in Middlesex a Dawson 
metal cleaning and degreasing machine plays an important role in the efficient 
production line for the new Hoover Junior cleaner. The illustration above 
shows how the three diecast components converge ready for washing. The f | . 
two smaller components come from the bottom left and the housing comes down oF Cee 
the chute trom the top left. large and 
This is only one of the countless applications for the Dawson metal cleaning smallarticles 
and de-greasing machines which are widely used in every grade of engineering 

from electric shaver components to heavy diesel cylinder blocks. 

A catalogue giving full details of these machines can be sent, on application, from 

Drummond-Asquith (Sales) Limited at the address given below. 


Machines 


Sole Distributors 


DEGREASING AND DRUMMOND=- ASQUITH LTD. 


CLEANING PLANT King Edward House, New St..Birmingham 
Tel. Midland 3431 





Manufacturers : 


DAWSON BROS. LTD., Gomersal, Near Leeds. Tel.: Cleckheaton 3422 (5 lines) 
LONDON WORKS, 406 Roding Lane South, Woodford Green, Essex. Tel.: Wanstead 7777 (4 lines) 










251n(635mm) swing 
TUR ad e-Vodp ate mm oLolaial- Mm r-id al - 


| mevyY 
model SRI0V 


8 ft. 6in. (2590 mm.) bed admits 36in. (915 mm.) 
between chuck and hexagon turret faces. 


18 speeds in ranges up to 1,000 r.p.m. 
54 feeds from 2 thou. to 1/8 in. 


Special heavy duty saddle and slide 
support. 360° swivelling compound 
@ tool slides. Precision indexing 
hexagon turret with faces 
taking WARD standard 
mountings. 
Centralized stop for 
drilling and reaming. Motor 
drive from 10 to 20h.p. 








FULL RANGE OF MACHINES INCLUDE : 
CENTRE LATHES: 17in. (430mm.) to 42in. 


(1065 mm.) SWING 
SURFACING & BORING LATHES: 17 in. (430 mm.) 


and 25 in. (635 mm.) SWING 
Comprehensive range’ of extra features and equipment available for all machines 


DENHAM’S ENGINEERING CO. LTD. 


a - 
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MODEL V.8 
UNIVERSAL HOBBING MACHINE 


Accurate, versatile, economical. With 
built-in differential. For spurs, helicals, 
wormwheels, and worms. Tangential feed 
and cam operated plunge feed are optional 
extras. Maximum dia. 8”, 7” Face. 12 D.P. 


MODEL V.4 
UNIVERSAL HOBBING MACHINE 


Accurate, rigid, and versatile. With 
built-in differential. For the smaller spurs, 
helicals, worm wheels, and worms used in 
light engineering and instrument work. 
Tangential feed is also available. 

Up to 4” Diameter, 4” face, 20 D.P. 





DOWD 





346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone: WESTERN 8077 (8 lines) 
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—it pays to investigate 





DOWDING Hobbers have been developed by gear 
specialists: their accuracy and economy are the result of 
sound basic design coupled with craftsmanship in manu- 
facture. They are to be found in leading engineering 
workshops throughout the world, earning a high repu- 
tation for their accuracy and dependability. 









MODEL H.7 


HORIZONTAL HOBBING MACHINE 


Powerful and rigid. With built-in 
differential. For long splines and 
gears integral with long shafts, and 
parallel and taper serrations. Alter- 
native heavy duty or high helix angle 
hob heads. Maximum dia. 7”. Hob- 
bing length 18”. 8 D.P. 


Ask us to send our new illustrated Hobbing brochure 





ING & DOLL LTD 


Telegrams :: ACCURATOOL HAMMER LONDON 














reversible (ypiie lead screw 











. ...a@ feature of the SMART & BROWN 


4in. §.S./S.C. PRECISION LATHE 








MAKERS OF PULTRA MICRO LATHES AND GRINDING MACHINES 
Member of the GAS PURIFICATION AND CHEMICAL GROUP OF COMPANIES 


WRD 2515 
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If you make HOLES 


by tapping or drilling metal, 


the HUNT Tolerance-Masters 


will guarantee you greater speed and 


more accuracy. They will definitely 


save you money. Write for leaflet No. 14. 


— _ ACOMPANY 
{ 1 OF THE 
i’ EXPERT 
4 1001 Group 





Herbert HUNT & Sons Limited 


Elsinore Road, Old Trafford, 


Manchester 16 (Trafford Park 0663/4) 





First-class SERVICE 


and long EXPERIENCE 





By using Welded Components you save the 

costs of patterns for castings. By using 
Russell Welded Components you gain also 

the benefits of long experience, plus the know- 
ledge of specialised craftsmen who are backed 

by a staff qualified to modify designs of 
castings to suit welding techniques. 


Here, in fact, is a complete service, with 
prompt and expert attention to every enquiry— 

and right through to each completed job. 
Our normal range is for work up to 5 tons. 





We shall be pleased to receive your enquiries. 


S. RUSSELL & SONS LTD 


STRUCTURAL ENGINEERING DIVISION FIRST FOR WELDED COMPONENTS 


Bonchurch Street, Leicester. Telephone: Leicester 59488 





SR 591 
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Performan ce’ 
and 


° 


: producti on 


LOCKHEED 
DISC BRAKE 


rank equally 


The new Wolseley 6-99 and the new Austin A-99 are fitted with Lockheed 


disc brakes; other B.M.C. models are fitted with Lockheed drum brakes. 


The use of these systems by B.M.C. is significant; they have these factors 
in common; to the user they mean dependable braking, characteristic of 
all Lockheed manufactures; to the production engineer they mean sensibly 


planned units, lending themselves to rapid and accurate assembly. 


Locknase 


REGD TRADE MARK 


LOCKHEED HYDRAULIC BRAKE COMPANY LTD. 
LEAMINGTON SPA - WARWICKSHIRE » ENGLAND 


i= ONE OF THE AUTOMOTIVE PRODUCTS GROUP 














Only 


Vacu-Blast with its unique features of mobility and 
dust free shot blasting can be used for blast 
cleaning a wide variety of metal fabrications which 
would be inaccessible or impracticable for blasting 
by other methods. 


The Vacu-Blast Senior, Standard, Medium and 
Junior machines are designed to cover a wide 
range of shot blast applications — there is always a 
Vacu-Blast machine for your job. It is unequalled 
for weld preparation in the fabrication of pressure 
vessels, surface preparation prior to and after 
fabrication, spot blasting of welded assemblies 
after site fabrication, internal tube cleaning and 
shot blasting in confined spaces. 


All enquiries to: 


VACU-BLAST LIMITED 


WELLCROFT ROAD - SLOUGH - BUCKS 
ENGLAND 


Telephone No. SLOUGH 24507/8/9 


VACU-BLAST (AUST.) PTY. LTD. 
AIRPORT WEST, VICTORIA, AUSTRALIA 
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LONDON, S.E.15 


THE LONDON OIL REFINING CO. LTD. | 


LORCO WORKS 


are used with 


S.A.V. HYDRAULICS LTD. 
British Made 
VICKERS - DETROIT EQUIPMENT 


ESTABLISHED 1890 


MANCHESTER 11 
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NGINEERING 
DISPLAY 


OCTOBER 20-22 1959 


AT THE 


ROYAL HORTICULTURAL SOCIETY’S 
NEW HALL 


GREYCOAT STREET, LONDON, S.W.| 


PRODUCTS & PROCESSES OF 
THE ENGINEERING INDUSTRY 


ENTRY FREE BY TRADE CARD 
or Ticket from the London Regional Secretary 


















\ Catalogue on application; Post Free 2/- 


%. 
NM 
See 


HONE WELbeck 224! 





fae PRESENT COMPLICATED STS7TEM 
OF SERVO CONTROL 







- "FOR THE FIRST TIME— 
A LINEAR ACTUATOR WITH EXACT 
POSITIONAL CONTROL OF PISTON 
ROD EXTENSION 


@ Servo or non-servo @ Electric or 
mechanical input signals @ No-leak valve 
allows accumulator operation or small 
capacity pump @ Automatic lock valves 
incorporated @ Instantaneous response to 
controls @ Insensitive to temperature 
variations @ Accurate to any required 






c HYDRAULIC aR 7 ae 
is N E U M ATI C AGT UATO i Simply write for literature publication A501 {112 


HYDRAULICS & PNEUMATICS LTD., WULFRUNA WORKS, VILLIERS ST., WOLVERHAMPTON. Tel.: 24456 
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why pick on us 2 


Yes, why? asks the motorist, 

faced with yet another demand on his 
purse — parking meters. Well, it’s a good 
question, and maybe the Minister of 
Transport knows the answer. But if you’ve 
got to pay, you’ve got to pay —and 

here’s a meter that’ll make it almost a 
pleasure (road funds to you, too!). 

It’s the Duncan Miller Model 60, 
now being made in this country 
by Adams Powel Equipment Ltd. 
They picked on us to 

cast the parts— 90% of 

them in zinc. The largest 

weighs 5? lbs., the 

smallest 0.013 lbs. Have 

you got a pressure 

die casting problem? 


ss Come and park it on us. 























paleiaisiojsieity 


























the whole in one 


CERES BRITISH DIE CASTING AND ENGINEERING COMPANY LIMITED 


EDWARD ROAD - NEW BARNET - HERTS - TEL: BARNET 9211 


ole castes? 
Also at WEST CHIRTON TRADING ESTATE * NORTH SHIELDS - NORTHUMBERLAND 
NORTH SHIELDS 2100 


CRC 33 
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Increase production with NEW 


— PHILIPS 


ta-Drum, 


COOLANT CLARIFIER 


Incorporating ‘Magnadur’ 
ceramic magnets 


DRIVING MOTOR 





‘MAGNADUR’ 
RINGS 


GEAR BOX 


COOLANT OUTLET 
Cae iden) The heart of the New Philips ‘Magna-Drum’ coolant Clarifier is a 

compact unit which is magnetic over its whole surface area, and 

incorporates ‘Magnadur’ high power ceramic magnets. The 

equipment will filter straight cutting oils or soluble oil coolants 

% without any modification. A very high proportion of grinding 

abrasive is always entrained in the ferrous swarf collected. Standard 

‘Magna-Drum’ Clarifiers are available for handling flows of 

300 g.p.h. to 7,500 g.p.h. British Patent No. 765495. 

Larger equipments can be designed to suit special applications. 


%* Higher Production rates 


%* Finish improved SCRAPER PLATE 


%* Completely automatic 


%* Fewer wheel dressings PHILIPS Oy THE DEPENDABLE FILTERS 


+ Coolant soved us| PHILIPS ELECTRICAL LTD 


FILTRATION DEPARTMENT 


%* Sludging of settling tanks prevented 
Century House + Shaftesbury Avenue « London « WC2 


(PI029SA) 


fad d ti ti t f Wadkin Articulated 
ro uc ion ime cu rom Arm Router LC, at 


the Brush Electrical 


1 & 
2: hours to 70 minutes | 2:,°.::: 
4 Loughborough. Member 


of the Hawker-Siddeley 


on turbine component Group. 














Hawker Siddeley Brush 
turbine component after 
being machined from 
the solid on a Wadkin, 
Type LC. Router. 








Using a conventional miller, the machining time 
on the diffuser (shown above) for a Hawker 
Siddeley Brush 30 Series Turbo Charger was 
4} hours. In addition, another hour was 
required for fettling. But now, this light alloy 
component is machined from the solid on a 
Wadkin Articulated Arm Router with cutting 
speeds up to 12,000 r.p.m. The result is a time- 
saving of more than 75%. 

A demonstration on your components would 
quickly show you the economy and production 
potential of this modern, inexpensive machine 
tool. May we arrange it? 

















Wadkin Ltd., Green Lane Works, Leicester. Tel: 68151. London Office: 62-64 Brook Street, W.1. Tel: MAYfair 7048 
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Foam 
Suppression 


Spray them on effluent 
that’s rich in detergent. 
Add them — just a few parts 
per million — to the bubbling 
contents of a fermentation vessel, 
a varnish kettle or a dyeing vat. 
and foam simply refuses to form — or if 
it has formed already, just melts away. 
‘They’, of course, are the amazing I.C.I. 
Silicones — stable, non-toxic and sworn 
enemy of even the most stubborn foams. 

In breweries, dyehouses, sewage works, 
paint factories, glue factories — wherever 
foam wastes labour, space and materials or 
causes a public nuisance — these silicones, 
used in minute quantities, have an almost 
magical effect. And talking of effects, 
you could almost certainly effect a 
transformation in some part of your industry 
with I.C.1. Silicones. They not only 
suppress foam — they repel water, insulate, 
prevent sticking and are almost immune to heat 
or cold. If you have difficulties in any of these fields, 
let us know about them: 

1.C.1. Silicones provide a beautifully simple answer 
to the ugliest problems. 


Silicones 


IMPERIAL CHEMICAL INDUSTRIES LTD. 
LONDON S.W.|! 
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VARATIO & STRATELINE GEARS 











VARATIO 


Variable Speed Gearboxes 


STRATELINE 


Fixed Reduction Speed Reducers 


Torque range 
46 Ibs. ins. to 
48,000 Ibs. in. 
Exact ratios 
to suit your 
requirements 





’ A ‘al between 3tol 
} H.P. to 25 H.P. ; xl ffs and 1,000,000 
Robust Construction Co ha to |. 
No Friction Drives 5 Motorised with any make or type of Motor or Non- 
Positive Drive — Up to 26 Speed Changes Jotal ure Motorised. Positive drive in either direction. Reductions 
Gear change under load without clutch. Enclos up to 1,000,000 to | obtained in incredibly small space. 




















The ‘DAVID’ Units for ‘GOLIATH’ Jobs! 


We shall be pleased to supply Full Details on application 


VARATIO-STRATELINE GEARS LTD., 278 Aberdeen Avenue, Trading Estate, Slough, BUCKS. 


Telephone: SLOUGH 20271/2 Telegrams: VARATIO, SLOUGH 

















WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 





Whatever it is you need—large or small capacity 
—high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & Co. Ltd. 


IPSWICH 









Telegrams : Reavell, Ipswich = Telephone Nos.: 2124-5 
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SPARK MACHINED 
from the SOLID 

































Illustrating two 
distinct types of electrode. 
(Above) a solid, shaped, electrode, 
and (Right) an electrode 

built up from a number of 





separate units. 
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IMPREGNATED DIAMOND PRODUCTS LTD: OF GLOUCESTER - ENGLAND 


Sole Agents for the United Kingdom - BURTON GRIFFITHS & CO. LTD - KITTS GREEN : BIRMINGHAM 33 
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For 


magnified 
output... 


use mechanical 
tubing... 


A great deal of time, labour 
and materials are saved when 
mechanical tubing is used, 
particularly when manufacturing 
rollers and ring-shaped machine 
parts. 





























We carry large stocks of tubing in many 
sizes and lengths with either large or small 
diameters. They are available in various 
finishes and are obtainable suitable for 
machining. 


Write to us for booklet giving full particulars 
of the tubes, etc., we have available... 


IMMEDIATE DELIVERY IN MOST CASES 


Markland Scowcroft 


LIMITED 


BROMLEY CROSS, Near BOLTON 
MII9 *Phone EAGLEY 600 (5 lines) 





trouble you? 





chip welding 


Many machining difficulties—poor finish, lack of accuracy, reduced tool 
life—derive from the welding of chips to the tool when cutting. But 
these are essentially symptoms. The real trouble is inadequate perfor- 
mance of the coolant. The cure may be a change to FLETCHER 
MILLER cutting fluids. They cool the chip, the tool and the workpiece 
thoroughly; they lubricate the tool and chip, creating an anti-weld effect 
between them. As a consequence, higher speeds or feeds are possible 
SPE SE whilst maintaining accuracy and finish. 
This straight oil is supplied in two The whole a of FLETCHER 
grades. Sulphurised to undertake | MILLER cutting fluids is described in 
heavy work under severe tooling con- | gyr Puyblication SP. 173 “Cutting 
ditions and non-sulphurised for high a a : 
performance work on non-ferrous Fluids”. We will be pleased to send you 


metals and special alloys. Either | a copy if you write on your business 
blend is very suitable for gear cutting. : 
letter heading. 

















specify FLETCHER MILLER 


FLETCHER MILLER LTD., ALMA MILLS, HYDE, CHESHIRE. 
Telephone : HYDE 3471 (5 LINES) Telegrams : EMULSION, HYDE 
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Horstmann-—A gauge of accuracy 


And —for good measure—the Horstmann Model 52 Screw 
Caliper Gauge incorporates several features which make it versatile, 
easy to handle and long-lasting. 

One of its advantages (as can be seen from the illustrations) is 
that there are no projections from the side of the Caliper frame; 
therefore shouldered work can easily be gauged. Adjusting screws 
allow for a wide range of work diameters and tolerances, and are 
used for readjusting to size when the gauge becomes worn. The 
depth of the anvil section prevents shearing and makes the Horst- 
mann Model 52 ideal for gauging Acme forms of thread. The 
radiused anvils do not roll and can be used for either left or 
right hand threaded workpieces. The Caliper is normally supplied 
as a ‘GO’ and ‘NOT GO” combination gauge so that both tests 
can be applied in one action, but is also available as ‘GO’ only or 
‘NOT GO’ only. It is manufactured in a full range of B.A., 
American, Unified, Whitworth and Metric forms of thread. 

Horstmann also make screw or plain Plug and Ring type gauges. 
All these precision instruments are guaranteed for accuracy, hardness 
and finish to the requirements laid down by the National Physical 
Laboratory and British Standards Institution. 

We shall be delighted to send you descriptive leaflets. 





PLUG, RING & CALIPER GAUGES 
put accuracy in your hands. 


THE HORSTMANN GEAR COMPANY LIMITED 
Newbridge Works, Bath, England. Tel: 7241 
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PRECISION 


Greater productivity is only possible when the 
precision and accuracy of all jigs, fixtures 

and gauges are of the highest order. The modern 
specially laid out shops of G,P.A. allied to the finest 
standards of workmanship constitute your 


guarantee. We welcome your enquiries. 





G.P.A. TOOLS & GAUGES LTD. 

Centrolled by Salford Electrical Instr , Ltd. A subsidiary of The General Electric Co., Ltd. 
Registered Office and Works 

Harper Road, Wythenshawe, Manchester. Tel: Wythenshawe 2215 (3 lines) 


Grams: Pneutool. Phone, Manchester 
























OPPERMAN’ GEARS are precision tested 
eS ee 


| Goul der equipment 













For careful and exact checks of precision in gear 
manufacture, OPPERMAN GEARS LTD. OF NEWBURY* 

depend on Goulder measuring equipment. 

Designed with the greatest attention to detail and made 

from specially selected materials, Goulder equipment embodies 
the highest standards of accuracy and craftsmanship. 

The comprehensive range of Goulder gear measuring instruments 
includes five types of rolling gear testers, as well as involute 

and lead measuring machines. Special machines can also be 
made for particular requirements. 


Goulders also make 
Worm and wheel testers - Hob tester 
Pitch testers - Sine tables 
Universal beam calipers - Jigs, fixtures 
Tools and gauges - Aircraft components 


We shall be pleased to advise on the best method of gear 
measurement for your needs—just telephone or write to: 


J. Goulder & Sons Ltd. 


& Kirkheaton, Huddersfield. 
sd Telephone: Huddersfield 5252-3 


Measuring the lead of a right handed single 
helical lay shaft gear which has been straight shaved, 
at Opperman Gears Ltd., Newbury, Berks. 























urnal 





ted 





in gear 
VBURY* 
jipment. 
rd made 
mbodies 
nanship. 
uments 
involute 
1 also be 


rements. 








The Institution of Production Engineers Journal 


A83 











'POLYC 








SIMULTANEOUS 


Forming 


Facing 








Follow-on Copying 





Reaming 


Boring 


A V.D.F. 


Copy 


Turning Machine 


Incorporating the Highly Successful “‘ Unicop” 


Copying System. 
Fully-Automatic Model 


Completely automatic operational sequence through 


programme control. 


Automatic change of spindle speeds under load. 
Infinitely variable constant cutting speeds. 
Automatic infinitely variable change of feed. 


Automatic template and tool change. 
Automatic work loading and unloading. 


A simplified model without 
automatic operational 
sequence can be supplied 
if required. 


Sole British Agents 


SYKES 


Machine Tool Co. Ltd 


Hythe Works, The Hythe 
Staines, Middlesex 
Telephone 

Staines 5076 {5lines) 
Telegrams Sytool Staines 
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Export and Shipping Documents 
Production, Material and Cost Control 
Sales Analysis 
Purchase Orders 
Order Control and Despatch 


Day after day your typists are repeating 
themselves, needlessly. Data common to a 
number of documents are being duplicated typing 
in various departments, with inevitable 
slowing down of production and the risk of 


costly errors. covers 
The Banda-control system provides for one 
single typing to cover all the paperwork the 


relating toa particular job. From this original 
“‘master’’, specific items are selected auto- 


matically and reproduced on their relevant lot! 
forms by spirit duplication. 
The application of Banda-control to your The 


business is a simple matter of consultation 

with a B & A systems’ specialist — without 

obligation, of course. The transformation in secret 
your business may well be astonishing. 


TPautin —control 


selective reproduction 


aid 






another B&A business aid 
another B & A business aid 
another B & A business aid 


another B& A business aid 
another B&A 


another B & A business 





another B€éA 


BANDA DUPLEX removes from the copy typist or 
clerk the responsibility for accurate distribution of 
instructions to factory, warehouse and office. By selective 
reproductionthe Banda Duplex reproduces automatically, 
on office or factory routine forms, selected data from one 
original typing. The Banda Duplex is the perfect machine 
for Production Control in an engineering firm. 





from the Systems Division of 


=1 mole! aN) 1 =) —1-t-1e))" 


LIMITED 
Head Office: 
Banda House, Cambridge Grove, Hammersmith, London, W.6. Tel: RIV 4121 (20 lines). 
London Sales Office: 
58-60 Kensington Church Street, London, W.8. Tel: WES 7250 (10 lines). 
ON-THE-SPOT SERVICE FROM THE FOLLOWING BRANCHES: 


pot, Birmingham, Bristol, Cardiff, Dublin, Dundee, Edinburgh, Exeter, Glasgow. 
Leeds, Leicester, Liverpool, Luton, Manchester, Middlesbrough, Newcastle, Nottingham 
Preston, Reading, Sheffield, Southampton, Stoke-on-Trent, Tunbridge Wells. 
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Where time is money 
you need 


ELJER TIMERS 


Is time money to you? 





Then you should know more about Heuer timers. 
There is a model to meet every industrial 

need ; for instance the Heuer Ringmaster 

3 second timer has 7 interchangeable and 
individually calibrated dials. That may sound 
complicated but as with all Heuer timers, 

parts are standardised for quick repairs and 


replacements. Write for catalogue to : 
BAUME & CO. LTD. 


50 Hatton Garden, London, E.C.1 
Tel: Chancery 4331 
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y There’s no hit or miss when you advertise in M.P. because 
on t it is the most influential and informative journal in its field. 
It has a horizontal coverage across industry and is of 


vital interest to executives and engineers wherever metal is worked. 


h u pefu i ly A practical “ how-to-do-it ” approach with clear layout and 


ample illustration make for easy and profitable reading by busy 


men. That’s why M.P. gets the advertiser into the offices 


pan for of the men who matter — the directors and senior engineers of the 


metalworking industry. It gives them the security of an A.B.C. 


| i circulation, the prestige of a well-produced, brilliantly 
80 a written journal and it gets them results. 


mine it M or. 
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Metalworki ng 
& — Production 


AvOIT SBURBAU 


OFCIACULATIONS THE 
wcorroramme MMLACHINIST 


opie 
me 
The 7 aot] The Journal that really gets to the TOP PEOPLE 
Y waa eh who matter to you ! 


’ 


Send today for a free copy of “‘ Metalworking Production ' 
and judge for yourself. 


J. A. Bush, Advertisement Manager, “Metalworking Production,” 95 Farringdon Street, London, E.C.4. Telephone: CEN 0911 
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Have no fears... 





SPENCER GEARS 








SS UTUTUIIUTUIUUULA WALLA ULL ULL ULLAL LULL 
e SPURS, HELICALS 

e BEVELS (straight and spiral) 
e RACKS, SCREWS 

e WORMS, WHEELS 

e REDUCTION, CHAIN 


Supplied complete or from customers blanks 


UTTAR LULL 


ATUL LULU LLL 


ETI LULL LULU LULL 


alll 


=) 


VICTORIA ROAD EAST, LEICESTER 
Telephone: Leicester 67446 & 67932 


Telegrams: Gears Leicester 




















BRANDED BOLTS 








Each type of Newall bolt 


Newall Hitensile ... Newalloy... 
Newallastic eee Newal! Hi-tem eee 


is branded with its own distinctive mark 


and is recognised by engineers as having 


“unique” qualities. 





We shall be happy to supply any engineer 
designer who is interested with details of 
the various bolts and studs, which cover 
the full range of modern requirements. 





LOOK FOR THE NEWALL BRAND 
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* LIGHT * POWERFUL * SPEEDY 


* RELIABLE * LOW COST 


Wherever ARO-BROOMWADE tools are used, costs 
per unit of production fall, profits per unit 

rise. Why not find out NOW 

how these tools can save you 

money. Demonstration on request. 





bed 
s 





Lever Model 





Pistol Model 











LIGHT, SPEEDY DRILLS 


A real asset in Aircraft, Electrical, Television, Radio 
and other light industries. Both models weigh less than 
14 1b. Best Power/Weight and power/air ratios. Locked- 


1” 


in motor. Capacity #”—}”. 

















(ee ee ee ee ee ee SS SS ES SS SS SS SS SS ES SS Se Se SS 


SILENT REVERSIBLE SCREWDRIVER & NUTRUNNER 


A high-speed tool (1800 R.P.M.), weighing 

approximately 14 1b. Readily converted to 

either function. Instant push-button re- 

‘ verse action. Adjustable clutch can be — 
pre-set to correct torque, the clutch jaws I 
automatically disengaging at the required . 
tension. 



































Write or phone for 
Publication No. 439 T.E. 























AIR COMPRESSORS & PNEUMATIC TOOLS 
Your Best Investment 


Broom & Wade Ltd., P.O. Box No. 7, High Wycombe, England. Telephone: High Wycombe 1630 (10 lines) Telegrams: Broom, High Wycombe, (Telex) 
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P. B. COW 


Rubber | P, B. COW & CO. LTD. 
Manufacturing 


Specialists | 'NDUSTRIAL DIVISION 
for every | 470 HIGH ROAD, STREATHAM COMMON, S.W.16 


Industry | Telephone: POLlards 4481 


for rubber ~ 
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600 Group Service 


to the 
POWDER METALLURGY 


INDUSTRY 


We are suppliers of 


jalised plant, e.g. | 
ee presses, sintering furnaces 
\ 4 


and sieves. 


mechanical and 
mixers 


Also . 
“ Sintrex ” Atomised Iron 

n 
lytic Iron Powder a A 
Powder for engineering 
components. 


owder, Electro” 
Stainless Steel 
electromagnetic 


esas Press. 
f DORST Automatic Metal Powder 
or 


SONS AND COMPANY LIMITED 


Wood Lane London W.12 Telephone: SHEpherds Bush 2070 
Telegrams: Coborn Telex London 











OF COMPANIES 
Coeieeeeaen—d 



















Let us 
be your 
machine 
shop! 





Complete facilities plus 


precision & service second to none | _---% Wel! as 
shaping, honing, 
@ Capstan and centre lathe work San “ 
@ Milling—all types to meet your 
@ Surface and universal grinding every need. 
@ G-SIP jig boring gp nitinig 
Approved 








MARSDEN & SHIERS LTD. 


Davis Road, Chessington, Surrey. Phone: Elmbridge 5333-4 
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SEEGER CIRCLIPS are 360° safe 
On the Rolls-Royce approved list 








Automotive Engineering Limited 


One of the Sheepbridge Engineering Group 


The Green, Twickenham, Middlesex. 
Telephone: Popesgrove 2206/9 


Telegrams: Motif, Twickenham 
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HIGH GRADE MACHINE FILES 





Ratcliffe 


SPRINGS 





Swiss Type Machine Files 
61 Sizes, 4, 5 and 6 inches long for | (HIE 
THIEL Ill and other Filing Machines 


.. Also 8 inches long for larger Filing Machines 


tre 
e he 
FLAT “ SQUARE TRIANGULAR 
Bastard Cut Bastard Cut Bastard Cut 


PRISM —<dift— —_ ae. Ze A 
Smooth ROUND 2 HALF ROUND | 
Cut Bastard Cut “7 ¥ _— Bastard Cut © ’ 
- 4! 4- Rath 
FLAT 
FISHBACK K (Roe 
NIFE EDGE An A is we _ 


Smooth Cut Smooth Cut 






Smooth Cut CRAw 
Dianne impregnated Files for WRITE TODAY for eae SPRING WORKS 
ardened steel and tungsten- details of | ; . RD 
carbide are also available. eee ROCHDALE 


4. : 
Grams: Recoil, Rochdale 





WELSH HARP, EDGWARE RD, LONDON, NW2 R | 
TEL: GLADSTONE 0033 MA 


Also at BIRMINGHAM - Tel: SPRINGFIELD 1134/5 - STOCKPORT- Tel: STOCKPORT 5241 rain wane 


GLASCOW - Tel: MERRYLEE 2622 








T/F 





















Scratch Investigation Microscope 


A small portable instrument for measuring the 
depth of scratches on a flat or curved surface. 
The microscope stands on the surface and the depth 
of scratch is read to 0.001 in. on a simple scale seen 
in the eyepiece; lesser amounts can easily be 
estimated. 

Illumination is either by a small portable battery 
or from the mains and the microscope can be 
used indoors or in the open. 

Photographic records can be made on 35 mm. roll 
film with a camera attachment, Height: 7? in.; 
weight: 2 Ib. 


Write for list e25. 


Ba 


g 


HILGER & WATTS LIMITED - 98 ST. PANCRAS WAY - LONDON : NWI Tel: GULliver 5636 
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as a matter of 
pounds shillings 
and sense 







you'll enjoy the advantages of the 


OFrison 











12" SWING LATHE £420 


with in-built copying equipment £700 


hardened and ground bed, clutch & brake, 
chromium handwheels, wipers and two steadies. 


PRICES INCLUDE 


Fully detailed leaflet available on request T. S. HARRISON & SONS LTD., HECKMONDWIKE, YORKS. 
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FOR QUICKNESS 
AND POWER 


CLAMPS 





BRAUER 


© R 
Flip they’re open ! — Flip they’re 
closed ! Clamp down on time wasted 
in screwing and unscrewing. Brauer 
TOGGLE Clamps give the quickest holding 
action for drilling, milling, glueing, 
bonding or welding, etc. The toggle clamp 
principle gives positive and accurate 
anchorage of the workpiece whatever 
the material or application. Send 
now for illustrated catalogue and 
technical data from Dept. 17. 


Member of the Cope-Allman Group 
BRAUER — makers of Europe’s 
largest range of Toggle Clamps 


F. BRAUER LTD., HARPENDEN, HERTS. 





THESE MACHINES 

ARE READy To 

SERVEYOU! 

®@ Her : 
2. con No. |, 
Capstans. 

© Drilling 


Capacity, 
. Honing 
pachines fro 
~_— 


@ Horizontal and Vertical Milling. 
@ Turning Capacity 34” dia and 24” swing. 
@ Bar Automatics |}” dia max. 


COMMON LANE 
Telephone Kenilworth 891 





chin 
10° to em 


URST ENGINEERING | 








Specialists for many years in complete 
manufacturing of Pneumatic equipment. 
Improved methods of production enable 
us to make surplus plant available for 
undertaking other products in the wide 
field of General Engineering. 


SPEEDY FEL penITive PRICES 


ey, 


= 






ALL ENQUIRIES WELCOMED 


KENILWORTH 





The Institution of Production Engineers Journal 





















@ Chucking Automatics 12” dia max. 


WARWICKSHIRE 


Telex 31551 





OPERATORS 








MOUNTAINEERS 


COURT 
DANGER 


BUT 


NEED 
UDAL 


on 











YG = 
J 
Yi; 


YOU CAN 
DEPEND ON || 


J. P. UDAL Limited, 


iA 


UY 


Safety & Production Engineers, 
Court Road, Birmingham, 12 


Tel. No. CALthorpe 3114/6 













lete 
ent. 
ible 

for 
side 











The Institution of Production Engineers Journal 








Fast approach of bell-type cutter, self 
indexing after reaching pre-set depth and 
automatic stopping on completion of 
cycle, make the HURTH Model ZK5 an 
ideal machine for batch work on spur 
and helical gears, starter rings, clutches, 
etc. Maximum work-piece dia: 12”. 
Range of teeth rounded: chamfered or 
de-burred 25-6 D.P., 7-110 teeth per 


gear. Speeds up to 120 teeth per minute. 


LET US DEMONSTRATE TO YOU 





GEAR TOOTH 
ROUNDING & 
DE-BURRING 
MACHINES 


@ 
TWO SPINDLE HEAD AVAILABLE 
FOR VOLUME PRODUCTION 



















VAUGHAN 





ASSOCIATES LIMITED 
4, QUEEN STREET, CURZON STREET, LONDON, W.| 


Telephone: GROSVENOR 8362-5 


Midland Office: WILFORD CRESCENT, NOTTINGHAM 


Telephone: NOTTINGHAM 88008 





NRP 9050 
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RANGE OF PRODUCTS 


Billets from 3” sq. upwards. 

Rounds from 3” to 94”. 

Hexagons from 3” to 33”. 

Squares from 3” to 44’. 

Flats in certain sizes. 

Colliery roof supports and accessories. 
Special T.H. yielding arches, 


COILED BARS 


Rounds 3” to 39” in 500 Ib. coils. 
Rounds 3” to 17%” in 900 Ib. coils. 
Hexagons 3” to =” in 500 Ib. coils. 
Hexagons 32” to |” in 900 Ib. coils. 
Coils may be split if required. 


COLD FORGING 
QUALITY WIRES 


0.240” to 0.550” in 500 Ib. coils. 
0.550” to 1.000” in 900 Ib. coils. 
Coils may be split if required. 





S53 Oe 
CARBONS 0:08— 0:85", 





CASE-HARDENING STEELS 
FREE CUTTING STEELS 
LOW ALLOY STEELS 


STEELS FOR COLD FORGING 


FOR BRIGHT DRAWING, 
DROP STAMPING, FORGING 
AND GENERAL ENGINEERING 


PARK|GATE|STEEL 


THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 
TELEPHONE: ROTHERHAM 2141 (10 lines) TELEGRAMS: YORKSHIRE, PARKGATE, YORKS 


TELEXS4141 








TOMoRHROow 


Gas Industry research and development have 
introduced automatically controlled gas-fired 
equipment to increase factory output and 
cut production costs... AND TODAY— 


every industry and 12 million homes use GAS. ISSUED BY THE GAS COUNCIL 
pull 












